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“¢ & D is the proven hot top for 


mincreased yield 
mincreased profit 
mincreased safety 
sincreased cleanliness 


- preferred by leading steelmaker 


Canada. Addre 


throughout the United States and 


inquiries on your hot-topping problems to: 


THE FERRO ENGINEERING COMPANY 
1400 Hanna Bidg. P.O. Box 6508 Cleveland 15, Ohio 


Association Miniere, 9 Rue Chauchat, Paris, France 
Exciusive Licensee for France, Beigium and Luxembourg 
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Published to provide a continuing, authori 
tative, and up-to-date record of tech 
nological, engineering, and economic 
progress in all branches of the metals 
industry by the 
Metals Branch 
American Institute of 
Mining, Metallurgical, and Petroleum 
Engineers, Inc 
29 West 39th Street, New York 18 


The AIME Publishes 


Blast Furnace and open hearth steelmaking operations provided the inspiration for artist 
Harry Brocke’s introduction to the 39th annual steelmaking conferences to be held in 
Cincinnati April 9 through 12. Program details will be found on pages 411 through 414 
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tudies or research experience in ary, $12,000 a year, transportation 
powder metallurgy or ceramics; for and living expenses. Employer will 
development of high temperature pay fee. C4638 

following employment items are mode alloy cermet and ceramic mate Welding Engineer, m« tallurgical 

ble to AIME members on a non rials; compatability tability, and or mechanical, to 45. Will correlate 

9 wcieties Per physical property studi Salaries design of metal object to be fabricat 

ating mm cooperatic open. Location, Ohio, W2939 ed by welding, specifying the mate 

the Four Founder Societies. Local office: Chief Engineer, with some experi rials, and determining design of part 

# the Personne! service are at 8 W. 40th St, ence in mechanical design, 30 to 50 for welding and alloys to be used 

New York 18; | Farnsworth Ave, troit, Some knowledge of nonferrous met Will be responsible for testing and 

4. t, Sen Frencisco; 64 E. Randolph St, allurgy, aluminum, copper, bronze, inspection of weldments. Company 

Chicago |. Apy 's should address ail ma etc. Company manufactures electri manufactures pumps. Salary, $7200 a 

otrgh ~ Aeere 's in core of the New cal conductor fitting Salary, about yeal Employer will negotiate fee 
stamps for for $10,000 a year. Location, Pennsy]l Location, Oregon. C4664 

ication. The op vania. W2944 Production Engineer, metallurg: 

© position by Metallurgist, with or without ex- cal or mechanical, 30 to 45, with at 

perience, to work on metallurgical least five years experience in pattern 

ide of instrument development for a hop and foundry procedure, design 

Sal and machine shop operation Will 

coordinate engineering, pattern shop 


e, to poy the plocement 


rvice AIME members may 


illetin of positions availabl 
$) large manufacturing company 
2? yeo 
ary open. Headquarters, upstate New 
York. W3011 foundry and machine shop opera 


POSITIONS OPEN tions for reducing cost Company 


Research Metallurgist, to take full and manufactures pumps. Salary $9,600 
charge of research metallurgical lab : : rick to $12,000 a year. Employer will ne 
production Company engaged in “ARO 
oratory with considerable experi the processing of nonferrous metals, gotiate fee. Location, Oregon. C4686 
ener in flotation of base metal ores particularly bra and aluminum Development Engineer, metallur 
salary open Location, southwest ublected to cold werkina and heat gist; 30 to 45, with six years experi 
Africa. ¥2830 treating and annealing processes ence refractory metals and interme 
Engineers. (4) Project Engineer Salary, $10,000 to $15,000 a year talli reactions at high temperature 
graduate, with two to five years ex- Location, Pennsylvania. W3026 Knowledge of action of metals at 
perience for fabrication by powde: Steel Rolling Consultant, to 60, high temperature. Will interpret re 
metallurgy and ceramics; capable of with at least five years experience search as it applies to tube problen 
growth to accept responsibility of in rolling mill operation Duties demonstrate new principles, advise 
upervising development tests and will include evaluating rolling pra and unstruct ae ‘en engineers on thé 
procedures and setting up engineet tice guide design, training operat- metallurgical phases of their work 
ing for production (b) Physical ing personnel. Must be able to sketch maintain ac tive parti ipation in tech 
Metallurgist prefer metallurgist, own ideas and design European nical Salary 
mhysicist, or che a year umployer will pay fee 
I r chemist with graduate assignment of 18 to 24 months. Sal tion. New York State. C4704 


RESEARCH METALLURGISTS Melting Metallurgist | Metallurgical Engineer, 25 to 
‘ tee y } ‘ engineering graduate, with major in 


earch md Development opening mar 
M.S., B.S. degrees in eloomes goo metallurgy, to work under supe! 
engineering vision of laboratory manager, ac 

cumulating data on microstructure 

pment mechanical, and phy ical propertie 

justenite. a efractory alloys and we - of metals used in the manufacture 
Vacuum of precision instrument bearings to 
rt atmosphere fab improve the quality of product 


Specialt teel SALES MANAGER 
miliar devise and incorporate inspection 


with tee 


Ex wer 
Sond ‘ ef y echnica standards; capable of performing 

both chemical and microstructure 


resurme ex ence education jar 

referer lary desired t GEORGE & DIX analyses of metal Salary, $5500 to 
Box D6-M Al Management Consultant $6500 a year. Location, New Eng 
Weat Federal Square Building 

street, New York 18 Grand Rapids, Michigan 


ngineerng Re 


land. W2968 


RESEARCH SCIENTISTS AND ENGINEERS METALLURGISTS 


MAGNETIC MATERIAL 


Crucible Steel Company of America offer utstanding opportunities for creative 
development and advancement in its expanding Research and Development 
Laboratory in Pittsburgh 


Openings providing attractive income and benefits for qualified engineers and —— 


HIGH TEMPERATURE MATERIALS PHYSICS AND CERAMICS has openings for mill devel 
PHYSICAL MEASUREMENTS WELDING PRODUCTS opment and process control 
CHEMICAL ENGINEERING ANI metallurgists to work on 
AND TECHNOLOGY magnetic steels; also for 
INORGANIC TECHNOLOGY magnetic material evalua 
MAGNETIC MATERIALS tion specialist 


crentists holding B.S. « r higher Research is conducted in the fields of 


OPENINGS IN PITTSBURGH AREA 
Addre ss 
General Electric Co. 


CRUCIBLE STEEL COMPANY OF AMERICA Attn RW. Hard 


Henry W. Oliver Building Pittsbur jh 22, Pa Brackenridge Pa 


Send confidential resume, including education, experience and salary desired t 


Mr. A. A. Marquer Jr 
EMPLOYMENT OFFICE 
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ELECTRIC 
MELTING FURNACES 


This free Cotalog will help 
you determine how Heroult 
Electric Furnaces con improve 
your operatior and enable 
you ? make better quality 
steels Tells you where and 
when an electric furnace is de 
sirable. Gives furnace types 
sizes capacities and ratings 
For your free copy, just contact 
the office nearest you, or write 
jivect to Pittsburgh 


If you're faced with the need for 
higher production and a higher 
grade of steel in order to improve 
the competitive position of your mill, 
the anion Heroult electric furnace 
can prove a mighty profitable invest 
ment for you 

Embodying the latest in mechanical 
and electrical equipment, these widely 
accepted furnaces are noted for their 
efficient performance and low operat 
ing and maintenance costs 

Available in sizes of shell diameter 
ranging from up to 24'6", and 
with rated charge capacity of from 
8000 Ibs up to 400,000 Ibs., they are 
equipped with removable roofs to per 
mit top charging. Both gantry and 


You can make better quality 
steel faster with the Heroult! 


swing type roof- removing mechanisms 
are available: Door charging furnaces 
and furnaces of special design, includ 
ing units equipped with austenitic 
steel bottoms to permit inductor stir 
ring, can be supplied 

We welcome an opportunity to help 
you select and install the Heroult best 
suited to your needs. Please remem 
ber, however, that because the Heroult 
is precision-engineered unit 
made to order to fit your particular 
requirements, it is advisable to antics 
pate your future needs as far in ad 
vance as possible The Heroult us 
make and install for you uull he the 
finest electric furnace that money can 
buy! 


AMERICAN BRIDGE DIVISION 


UNITED STATES STEEL CORPORATION, GEWERAL OFFICE, 525 WILLIAM PENN PLACE PITISQURGH, PA 


Contracting Offices in New York, Philadelphia, Chicago, Sen Francisco, ond other principal cities 


United States Steel Laport Company, New York 


SEE THE UNITED STATES STEEL HOUR 


other week by United States Steel. Consult your local newspaper for time and station 


it's a full-hour TV program presented every 


, SS TOPS FOR PRODUCTION OF HIGH GRADE STAINLESS, ALLOY AND RIMMING STEELS 
LZ, 
— 
j A 
i 
7 
4 
: 


Books for Engineers 


ORDER YOUR BOOKS THROUGH 
AIME—Address Irene K. Sharp, Book 
Dept. AIME members given 10 pct 
discount whenever possible Please 
order Government publications direct 
from the agency concerned 


Minerals Yearbook, 1952, Area Re 

ports, Volume III, by the staff of the 
U. S. Bureau of Mine Superinten- 
dent of Document 
ment Printing Office, Washington 25 


Govern 


as chapter 


D.C $3.75, 1050 pp 1955 Year- 
book material ha increased to the 
point where it is impractical to pub- 
lish it under one cover. This third 
volume completes the Yearbook for 
1952. Volume I, Metals and Minerals 
(Except Fuels) ($4.00) contains 
chapters on mineral commodities, a 
chapter reviewing these industries, a 
tatistical summary and recapitula- 
tion, and chapters on mining tech 
nology, metallurgical technology, and 
employment and injuries. Volume II, 
Fuels ($2.25) consists of chapters on 
each mineral-fuel commodity, as well 
reviewing the industry a 
a whole, a statistical summary, and 
an employment and injury presenta- 


should be. 


CarRe-Here 


CARB-RITE is now being used extensively to recar- 
burize both Steel and Iron in the ladle. 


The material for this purpose is sized to suit the par- 
ticular job since the amount of the metal treated has 
a direct bearing on what the size of the material 


CARB-RITE as it is used in the metallic mix as a sub- 
stitute for the carbon contained in Pig Iron is sized 
also to suit the size of the heat involved. 


We recommend 4 to 6" material to be used on fur- 
naces of 20 to 50 ton capacity. 


The present price spread between Steel Scrap and 
Pig lron will definitely afford substantial savings to the 
operator by the use of CARB-RITE. 


1815 Halsted Street 


Chicago Heights, Illinois 
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tion. Volume III is made up of chap- 
ters covering each of the 48 States 
plus chapters on Alaska, the Terri- 
tories and island possessions in the 
Pacific and the Caribbean, including 
the Canal Zone It also has a chap- 
ter recapitulating its tatistics in 
ummary form on a regional basis 
and another presenting employment 
and injury data regionally 


Steels for the User, R. T. Rolfe, 
Philo ophical Library $10.00 399 
pp., 3rd ed., 1956 This book was 
written “to bridge the gap between 
cience and practice for carbon steel 

Although it deal ub 
with carbon steels, alloy 


in industry 
tantially 

teels are discussed for duti for 
which carbon steels are unsuitable, a 
with nitriding steels and those for 
high temperature service.’ The au 
thor is consultant to the British firm, 
W. H. Allen Sons & Co. Ltd. This 
third edition has been enlarged and 
brought up to date 


F BI Register 1956, Kelly's Direc- 
tories Ltd. and Iliffe & Sons Ltd 
42 Od. ($5.90) post free 1110 pp 
1955.—Published for the Federation 
of British Industries. The 1956 regis- 
ter is a comprehensive guide to a 
cro section of British industries, 
the products and services of 
over 7000 member firn Among the 
features of this edition are French, 
German, and Spanish sections, al- 
phabetical listings of firms, their ad- 
dresses, and products and service 

ociation index, a glossary 
and trade 


and list 


a trade a 
of brands and trade name 
mark reproduction 


Speaking Can Be Easy for Engineers, 
Engineers’ Council for Professional 
Development Oe discount for 100 


or more copie printed in 2 color 


In order to aid engineers in prepar- 
ing and delivering effective oral 
presentation and in conducting In- 
ECPD has issued 
of thi pocket- 


Newer meth 


teresting meeting 

a second printing 
ize illustrated manual 
od uch a visual aid and micro- 
phone technique 
well as selecting the type of presen 
tation, planning, tips for the effective 
handling question and 


are discussed as 


chairman 
conducting pane 1 discussion 


Nuclear Physics, by Alex E. 5S 
Green, McGraw Hill Book Co. Ine 
$9.00, 535 pp 1955 A con pre hen- 
ive introduction to the field, the 
background material of atomic phy 

iewed in this book which 1 


with 


ics is rey 
primarily theorie 
and experiment ting to the be- 
havior, characteristi and internal 
tructure of Among the 
major top iscussed are instru- 
mental 


concernet 


ment and metl experi 
inte pretation tem- 


yirical theory, and 


results and 
ati ana emi-er 
nuclear theor. 1 order that there 
be a basi for the 
discu 
of quantum mechanics | presented 


theory ¢ entials 


sion on 


in ome chapte I 


ree 


GUNCHROME 


OREFRAC) joRies INCORPO ATED 


iy 
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If your product must meet today’s high temper- 
ature requirements you will find the Utica Metals 
Division can help you. Here an expert technical staff 
is ready to service your needs and make available its 


production and testing facilities. 


For example, Utica will test-melt a sample of your 
alloy to specifications on comparatively short notice 
tor further evaluation. At Utica you'll find the metal- 
lurgical skill and experience necessary to answer your 


questions about Vacuum Melting your alloys. 


Write in detail and remember to ask for your copy 
of “Vacuum Melting by Utica.” 


Utica can offer you properties 


like these through Vacuum Melting 


High-temperature corrosion resistance 
Extreme cleanliness 

Precise chemical control 

Longer stress-rupture life 

Increased tensile strength 

Increased ductility 

Better fatigue resistance 

Greater yield strength 

Greater impact resistance 

Greater creep properties 


One 


ALLOYS 


UTICA DROP FORGE AND TOOL CORPORATION. UTICA 4. NEW 
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Are Vacuum Melted Alloys Your Answer? 
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USE 


“ELECTROMET” 


Trade-Mark 


SILICOMANGANESE 


for fast, easy 


ladle additions... 


combination alloy 


dissolves fast and 
reduces chilling of 
the steel 


LOW CARBON CONTENT 
When E.ectromet silicomanganese is added in the 


ladle, the low carbon content of the alloy allows the 


COMBINATION ALLOY melt to be tapped at a higher carbon level with a 
In making steel, silicon and manganese are much saving in furnace time 


more effective in combination than when used sepa 


te ,LECTROMET 8 is designed fo 
rately. ELectromet silicomanganese is desig for DEOXIDIZER FOR SEMI-KILLED STEELS 


the simultaneous addition of silicon and manganese . 
ELectRoOMEt silicomanganese is particularly effective 


in the correct proportion 
PFO} as a ladle addition for the deoxidation of semi-killed 


steels 
FAST SOLUBILITY 
Because of the concentration of active elements in METALLURGICAL SERVICE AVAILABLE 


ELecTROMET silicomanganese, less time is required for . 
Our metallurgists will be glad to assist you in the 


solution in molten steel than when equivalent 
application of ELecrromet silicomanganese to your 


amounts of siliconand manganese are used separately specific requirements. For further information, please 


in the form of ferrosilicon and ferromanganese 
get in touch with the nearest ELecrromet office 


CHILL 


The weight of silicomanganese is less than the weight ELE C T KR 0 METALL UR G I C AL C 0 M PAN Y 


of equivalent amounts of ferrosilicon and ferroman . 
A Division of Union Carbide and Carbon Corporation 
ganese. The chilling effect is less with the lower 30 East 42nd Street [qq New York 17, N. Y 


weight of the silicomanganese addition PFICES: Birmingham ¢ Chicago © Cleveland ¢ Detroit 


n Los Angeles New York Pittaburgh ¢ San Franciaco 
rqical Company, Division 
Welland, Ontario 


The term “Electromet” is a registered trade-mark of Union Carbide and Carbon Corporation 


APRIL 1956, JOURNAL OF METALS~—-379 


— 
. 
7 
4 
x | is 
LESS 
In 
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Chem-Brix 


CHEMICALLY BONDED 


\ 


CARBON. Chemically bonded Carbon Chem-Brix assure 
longer service and less spalling, especially for iron and 
Bessemer steel ladles. 


ALL SILICA. New type chemically bonded silica brick with 
low porosity and greater density than other silica brick. It 
is more refractory and has excellent expansion properties 
to insure superior service life. 


HIGH TEMPERATURE 


VERMICULITE INSULATION 


FIRE CLAY BRICK 
AND CLAYS 


GOOSE LAKE 


COATING. An insulating cement for application as a plas- 
tic on furnace brick-work exposed to temperatures up to 
2000°F. 


BRICK. Molded vermiculite brick used for back-up insula- 
tion. Provides a strong, resilient cushion which absorbs 
expansion of refractory brick-work without disintegration. 


L. B. BLOCK. Pressed block with high insulating efficiency 
and unusual structural strength for use up to 1900 F. 


CONCRETE. A prepared structural material containing 
vermiculite, Lumnite cement bond and specially selected 
refractory aggregates. 


HIGH QUALITY REFRACTORIES AND INSULATION 


GROUND FIRE CLAY. A smooth, high quality, plastic fire 
clay with low shrinkage for laying up fire brick and other 
fire clay refractories. 


FIRE CLAY FLOUR. Extra fine preparation of clay for lay- 
ing up the brick with tight joints and for molding sand bond. 


GRUNDITE BOND CLAY. Special bond clay containing 
“Illite,’’ a mineral, that improves molding sands for malle- 
able and gray iron castings. 

FIRE CLAY BRICK. Dense, well-burned plastic fire clay 
brick for iron and steel ladles, cupolas and for general 
intermediate heat duty requirements. 


FIROX CUPOLA MIX. New type mixture for lining cupolas 
and ladles by gun or hand application. 


CASTABLES. Refractory grog with hydraulic bonds for use 
as a concrete. 


ILLINOIS CLAY PRODUCTS CO. 


Main Office: Barber Building, Joliet, Illinois © Sales Office: 208 S. LaSalle Street, Chicago, Illinois 


\ 4 
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a vertical 
metallograph for 
the ultimate in 
versatility and 
photomicrography... 


PANPHOT 


Modern industry is called upon to test new materials and methods almost every week, 
The PANPHOT Metallographic Microscope is a highly versatile instrument designed 
for utmost efficiency, ease of operation, and long life. Material specimens, regardless 
of their size, can be observed from corner to corner in an upright position, 
¢ New vertical illuminator with rapid objective 

changing device. 

Low-power illuminator for photography speci- 

mens up to 60 mm. in size. 

Instant change-over from binocular observation 

to photography. 

Low-voltage lamp intense enough for photog- 


raphy, plus arc lamp and the highest powers 
of magnification. Magnification ranges from 
2x to 2000x. 

Vertical compact construction requiring mini- 
mum of space. 


&. L&ITZ, INC., Dept. JIM-4 
468 Fourth Avenue, New York 16, N.Y. 


Please send me brochure on PANPHOT Metallographic 
Microscope 


Nome 


Street 


inc., 4686 FOURTH AVENUE, NEW 16, WN. Y. 
Distributors of the worid-famous products of Ernst Leitz, Wetziar, Germany 
LENSES + CAMERAS + MICROSCOPES + BINOCULARS 
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Due to Stoke, vacuum lock design operators can manipulate the melt during the heat without releasin: 


vacuum. Furnace is used for production of special alloys at Cannon-Mushegon Corporation, Muskegon, Mid 


The metals industry is profiting from 
the use of other STOKES production equipment 


Vecuum Metollizers. Scokes offers a com Powder Meteo! Presses. Cost savings and Vacuum Pumps. For rapid evacuation and 
plete line of vacuum metallizing equip the compacting of incompatible alloys holding high vacuums, Stokes ofters 
ment co plate metals for improved surtace have made powder metallurgy an accepted mechanical pumps, and “‘Ring-Jet 

finish also to provide conductive process. Stokes offers the most complete vapor diffusion and booster pumps. New 


coatings on non conductive materials line of presses in the industry design affords 10 to 100% greater speeds 


| 
| 
2 q 


high temperature alloys 


Another example of how Stokes vacuum furnaces aid industrial 
utilization of the new technology of vacuum metallurgy. 


LS na the hot components of leading types of 
jet engines, Cannon-Muskegon produces a 
line of special vacuum melted alloys. Engineered 
primarily for high temperature service, these 
alloys are supplied as ingots and billets for in 
vestment casting 

A Stokes Vacuum Furnace provides perform 
ance to the exacting specifications required for 
this work. Irs design is the result of close 
cooperation between Cannon-Muskegon and 
Stokes engineers. The furnace has a capacity of 
500-pounds per heat 

In the words of George W. Cannon, Jr., com- 
pany pre sident, The equipme nt has performed 


in accordance with our specifications a leak 


rate of 8 microns per hour and permits 


Reference Data: 


Microvac Pumps—Catalog 750 

Diffusion and Booster Pumps 
Specification and performance data 

Story of the Ring-Jet Pump 

How to Care for Your Vacuum Pumy 
Booklet 755 

Vacuum Furnaces—Catalog 790 

Vacuum Metallizing —Catalog 780 

Vacuum Calculator Slide Rule 

Powder Metallurgy Today 

Powder Metal Presses— Catalog 810 


vacuum melted 


in Stokes furnace 


pouring of vacuum alloys at pressures less than 
10 microns.’ 

If you are planning to explore the meeresting 
potential of modern vacuum metallurgy, plan, 
roo, to take advantage of the undisputed 
leadership in equipment and expernence which 
Stokes can apply to your problem. Prime sup 
plier of vacuum furnaces for production use 
Stokes incorporates the features you need for 
simplified operation and dependable service 
With the Stokes vacuum lock, you can make 
multiple melts and manipulate the melt without 
breaking the vacuum. High capacity pumping 
systems combining ne w Stokes Ring- Jet Booster 
Pum} s and rugype 1 Microvac ro ighing pumps 
provide fast evacuauon and dependable holding 


oft desire vacuum 


A Stokes engineer will he glad to consult on 
your specific ap} lication hel; you select the 
most suitable of the many basic Stokes designs 
for your work, and engineer modifications to 
your special requirements For technical data 
write for Stokes Catalog No. 790, “High 
Vacuum Furnaces.” 

F. J. STOKES MACHINE COMPANY, 
Vacuum Purnace Dieiston, 5906 Tabor Road 
Philadelphia 20, Pa 
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Breakage problem solved. Ductile (ast Iron used 
on all 8 presses for backshafts. 5’ long and 6” 
at widest diameter, with 1” air hole in center 


bore, Ductile Iron units need no &-hour replace- 
ment jobs every two months. 


Longer life comes from strength and toughness 
of Ductile Cast Iron. Yet you can readily ma- 


chine the fine-grained, wear-resistant Ductile 
Cast Iron used for this heavy-duty crankshaft. 


Output up...costs down jn plant operating eight presses with Ductile Cast Still good after stamping 875,000 blanks (left) 
Iron dies, shafts, gears, drum hoes and the like. State Foundry and into cases (right). This Ductile Cast Iron die, 
Machine Co., Cedar Grove, Wisc., licensed by Inco to produce Ductile Cast oil quenched from 1750°F, and stress-relieved at 
Iron, turns out replacements that far outlast previously used materials 375° F, develops 55-58 Rockwell C. 


Engineers extend life of press parts... 
up to 18 times with Ductile Cast Iron 


IMPRESSIVE RECORDS come from eight 3. Where gray iron brake drums labor . .. a factor to consider in 
135-ton presses that stamp out 20-mm lasted six months maximum... selecting material for almost any ap- 
cartridge cases Ductile Cast lron replacements plication 
1. Where tool steel dies averaged still operate after 18 months. 
forty to sixty thousand cases Other advantages behaves better in the shop as well as 
875,000 cases are now punched As press parts of cast iron and on the job. Get the full story of this 
out by Ductile Cast lron dies teel wore out or broke, Ductile Cast economical iron. It’s several times 
, Iron replacements took over. That stronger than gray cast iron and up 
2. Where steel backshafts support reduced downtime, production costs to 12 times tougher. Send for a copy 
ing 3000-pound clutch assemblies and maintenance, too of “DucTILE IRON, The Cast Iron 
failed in about two months Despite its high wear resistance, THAT CAN BE BENT!” It’s filled with 
Ductile Cast Iron bhackshafts Liuctile Cast Lron is easy to machine helpful data. Write for your copy 
have so far served 10 months This advantage saves both time and now 


The INTERNATIONAL NICKEL COMPANY, Inc. 
4 ductile iron. . the cast iron that can be twisted and bent «7 wall Street, New York5, N.Y 
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1955 World Steel Record 


A record total of 294 million net tons of steel ingots were produced 
during 1955 according to the American Iron and Steel Institute. This 
is an increase of 39 million tons over the previous record set in 1953 
For the U.S., tables showing coke-oven and steel mill capacities as of 
Jan. 1, 1956 are found on pp. 394 and 396 of this issue 


Current U. S. Production at Peak Levels 


The steel industry of the U.S. continues to outpace itself. Following 
the monthly record set in January, February's output exceeded any 
previous February and was the fifth consecutive month in which pro- 
duction was more than 10 million tons! March output gives every 
indication of being the sixth such month, and the industry appears 
optomistic over second quarter prospects. 


Industry Expands to Meet Heavy Demand 


The most recently announced expansion plans of the U.S. steel industry 
are those of the Youngstown Sheet & Tube Co., which is to expand its 
ingot capacity by | million tons to 6.7 million tons. Although no new 
blast furnaces are to be installed, the firm is expanding its rolling 
capacity in both the Chicago and Youngstown districts. In addition 
to the 2 million ton expansion at Sparrows Point, Md., Bethlehem Steel 
Co. is increasing ingot capacity at both Lackawanna, N.Y., and 
Bethlehem, Pa., by a total of 1 million tons. The U.S. Steel Corp. has 
plans for expanding open hearth and rolling capacity at the Gary, Ind., 
works and the South Chicago, I1]., works by a total of 1.2 million ingot 
tons. Additional sintering facilities are planned at both plants 


Export-Import Bank Aids South American Steel Expansion 


The Export-Import Bank of Washington, D.C., has recently made three 
loans for the purchase of American equipment and technical know-how 
by South American steel mills. The Cia. Siderurgica National at Volta 
Redonda, Brazil, the largest steel mill in the continent, is receiving 
$35 million to expand its new integrated plant from an ingot capacity 
of 750,000 tons to 1 million tons. The Sociedad Mixta Siderurgica 
Argentina has obtained $60 million for Argentina’s first integrated 
steel plant. The mill of some 550,000 tons of ingot capacity is being 
built at San Nicholas, a deep water port on the Parana River. In Chile 
the Cia. de Acero del Pacifica S.A., is receiving $3.35 million to finance 
the purchase of a hot-strip mill for its 350,000-ton integrated plant 
located on the ocean near Concepcion. The construction of both the 
Brazilian and Chilean mills has been heavily financed during the past 
ten years by previous Export-Import Bank ioans. The Koppers Co 
has served as a technical consultant on both these projects, while 
Armco Internationa! Corp. and Arthur G. McKee & Co. are consultants 
on the Argentine plant 
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Root 


ELECTROCAST 


Co, Incorporated, 1640 West Lee Street, 
ky, U.S.A. 7 — Cypress 4471. 


NEW 
Screw Feeder 


PUG MILLS 


EVEN MORE EFFECTIVE IN SINTERING PLANT 
AND BLAST FURNACE DUST CATCHER SERVICE 


The new Bailey Screw Feeder is effective for flow 
regulation and conveying of flue dust, ore fines and 
various other materials. An outstanding feature 
is that it maintains uniform flow, even when irregu- 
lar feeding may be caused by “hanging” of material 
in dust catcher or a sudden furnace “‘slip.’’ The 
feeder speeds the sintering process and assures 


substantial savings through reduced handling costs. 


1ipped with a double helical 
gear reduction unit. Types of Bailey 
Pue Mills available include single 


and double shaft types, with direct 


° BAILEY PUG MILLS were developed for low- 

° cost processing of greater tonnages of more uniform 

i sintered products. They are built for continuous 
aq ° service, in capacities from 100 to 400 tons per hour. 
. 

5 : Write for Bulletins 

This Bailey Double Shaft Pug Mill 


or rope arives 


~ 
MAKES ae 
4 
. . a 
j 2 
. 
bd 
61221 BANKSVILLE ROAD PITTSBURGH 16, PA 
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a YOUR PROGRESS... 


factor! 


MILLING NIPPLE THREADS 


Finishing operations on GLC electrodes, anodes and 


mold stock are performed with the utmost precision. A strict 
system of gaging and inspection is required at this stage. 


The craftsmanlike spirit of our milling, machining and 
inspection personnel is a distinctive plus factor in the effici- 
ency of GLC carbon and graphite products. 


The high degree of integration between discoveries in 
our research laboratories, refinements in processing raw 
materials, and improved manufacturing techniques is further 
assurance of excellent product performance. 


ELECTRODE 


® 


DivistoOn 


Great Lakes Carbon Corporation 


GRAPHITE ELECTRODES. ANODES. MOLDS and SPECIALTIES | 


ADMINISTRATIVE OFFICE: 18 East 48th Street, New York 17, N.Y. PLANTS: Niagara Falls, N. Y., Morganton, N. C. OTHER OFFICES: Niogora Falls, N.¥., 
Oak Pork, Ill., Pittsburgh, Po. SALES AGENTS: J. B. Hayes Company, Birmingham, Ala., George O. O'Hara, Wilmington, Cal. SALES AGENTS IN OTHER 
COUNTRIES: Great Northern Corbon & Chemical Co., Ltd., Montreal, Canada; Great Eastern Carbon & Chemical Co., inc., Chiyode-Ku, Tokyo, Japon 
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(Ed. Note: Engineers Joint Council is one of the pro- 
fessional activities in which AIME participates, but its 
widely known as it deserves to be. We 


who also 


work 1 not a 
asked long-time AIME member Paul! Lange 
happens to be EJC Secretary—to help rectify this lack 


of information. Here it is.) 


primarily an organiza- 
ion for service to the 


NGINEERS Joint Council 1 

tion established by the profe 
profession, One primary purpose is to work toward 
greater unity within the engineering profession, and 
results here show up when the present EJC structure 1 
compared with its background. The grandfather of EJC 
was the engineering council of the national technical 
ocieties formed in 1917. This in turn expanded into the 
American Engineering Council of the Federated Engi- 
neering Societies in 1920, and AEC operated until di 
olved in 1940. Engineers Joint Conference, composed of 
ecretaries of the five major engi- 
neering societies was formed in 1940, and grew into 
Engineers Joint Council in 1945. The American Engi- 
neering Council differed materially from the present 
EJC in that the members of AEC board were not 
directly responsive to the boards of their own activitse 
The Board of Directors of EJC, however, must be in 
dividually members of their own societies board. Thi 
provides the continuity or link of authority between 
the supporting organization and EJC 

At present the Council represents through its con 
stituent. associate, and affiliate members an engineer- 
ing membership of approximately 220,000 


the presidents and 


CONSTITUENT SOCIETIE 


Americar ety Er 


Amer ety f Re 


American institute of Chemica 


ASSOCIATE SOCIETIES 
The American Institute of 
American A ciation of A 


AFFILIATE SOCIETIES 


Angele wn 


The expansion of EJC has been slow but steady. The 
slowness is entirely accounted for by the careful plan- 
ning which has gone into the gradual reorganization of 
its constitution. The present growth pattern of the 
Council stems from 1949 when an exploratory group 
with representation from 15 engineering societs 
undertook a two-year study. As a result, constitutional 
changes were made and additional ocietit were 
offered the opportunity to take part in EJC activitie 
The National Society of Professional Engineers were 
a member of the exploratory group but declined to be- 
come a member society of EJC because of basic differ- 
ences in the philo ophy of NSPE and the other group 
EJC. however, works closely with NSPE on matters of 
common interest to the engineering profs ion 

Many specific 
EJC—and there will no doubt be many more as it 
grows and take an active part in ubjects of interest 
to the profession as a u hole. Pe rhap the most impor- 
tant recent undertaking was the sponsorship of the 
Nuclear Engineering and Science Congre in Cleve 
land in December 1955. This marked the first time in 


accomplishments can be credited to 


EJC Objectives 

e To advance the general welfare of mankind 
through the available resources and creative 
ability of the engineering profession 
To promote cooperation among the partous 

branches of the engineering profession 

To advance the science and profession of engt- 

neering 

To det elop sound public policie 

tional and international affairs 

engineering profession can be helpful through 

the services of the members of the engineering 


respecting na- 
wherein the 


profession 


How it works 

@ Act as an advisory and coordinating agency to 
seek and study matters of mutual interest to 
the constituent ocietu of Council and to 

recommend parallel action by them 

Represent the constituent socteties of the Coun- 

cil in instance in which constituent socreties 

deem joint representation to be desirable 

Administer on behalf of the engineering pro- 

fession. those activities authorized by a majority 


of the constituent societies of the Council 


the history of this country that over 20 recognized 
engineering and scientific organizations made any at 
tempt to cooperate on a national level to promote dis 
ubject of basic inter 

, representatives of 


emination of information on 4 
est to all. As a result of this congre 
five of the major engineering societies have met and 
recommended that an annual congress on Nuclear En 
gineering be held under the general sponsorship of 
EJC. This single activity is one of the best examples of 
the growth of unity among the members of the pro 
fession 

Another example is the General Assembly of EJC 
The first was held in 1955 with an attendance of 300, 
and the second, in January 1956, had an attendance of 
500 for a two-day program, Next year coverage by 
sessions will be extended to give still more coverage of 
subjects that are of interest to the profession as a 
whole 

The basic committees of the Council, operating under 
the authority of the Board of Directors, include those 
on Constitution and Bylaws, Finance, and Membership 
These provide the foundation for policy and operation 
of the Council. The operating committees are those 
which are charged with specific tasks. These tasks 
represent problems which require solutions. If solu 
tions do not result, at least considered study yields 
results which can guide others in finding their own 
solutions. Among such committees is the Engineering 
Manpower Commission, in operation since 1951. Its 
activities have been widely felt in the profession in the 
past five years and it ha provided the government 
with the necessary background information on the 
need for a utilization of engineer in industry and in 
the armed foree Commission policy is determined by 
the EJC Board. The Committee on Employment Cond) 
tions is another of this operating group. For the past 
vear and a half it has been preparing a report on “Pro 
fessional Standards and Employment Conditions” which 
has just been accepted by the EJC Board of Directors 
and which will be published shortly 


E, Paul Lange 


APRIL 1956, JOURNAL OF METALS—389 


|) 
| 
yor 
4 . 
American institute of Mining, Metallurgical and Petroleun 
Engineer 
American Water Works A 
Amer n Institute f Electrical Engineer 
of Noval Architects end Marine Engineer 
Amer ety for Engineering Educatior 
lhe frigerating Engineer 
ndustrial Engineer 
gricultural Engineers ip 
Los of Engineering Societi« 
Kentucky Society of Profe nal Engineer Pie 
P 4 


An Open Letter to the 
Steel Industry... 


consistent with refractory 
quality, Walsh is constantly 
striving to produce fire brick 
of higher bulk density and 
lower porosity. To you this 
is assurance of greater 
dollar value when 

you purchase refractories 
by Walsh. 


Specialists in fire brick of high bulk density and low porosity 


WALSH REFRACTORIES CORPORATION 


101 FERRY STREET + ST. LOUIS 7, MISSOURI 


FOR OVER 60 YEARS MANUFACTURERS OF HIGH GRADE REFRACTORIES 
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~ WESTINGHOUSE SAVES $18,043 


with USS “T-1" STEEL 


The Sunnyvale, California plant of 
Westinghouse Electric Corporation 
controls vibration of huge wind-tun- 
nel air compressors with unusual 
supporting struts. Steel bellows that 
flex, both up-and-down and sideways, 
absorb and isolate the tremendous 
vibration in these powerful ma- 
chines. Westinghouse lopped an im 
pressive $18,043 off the cost of these 
bellows by switching to USS “T-1” 
Steel. 

“T-1” costs less to machine. It 
costs less to weld. To top it off, “T-1” 


UNITED STATES STEEL CORPORATION, PITTSBURGH 


costs less to buy than the steel pre 
viously used. Yet it is plenty tough 
and strong enough to meet the rugged 
physical requirements. 


NEW WAYS TO SAVE MONEY 


No other alloy steel can be used in 
so many ways to save money or im 
prove products. Already—and “T-1” 
is still a relatively new steel—it has 
been used with great success in rotat 
ing machines, earth-moving equip 
ment, ‘towers, pressure vessels, min- 
ing machines, printing presses, and 


+ COLUMBIA GENEVA STEEL DIVISION, SAN FRANCISCO ~ 


other heavy-duty applications. 

Think of USS “T-1" when you 
need very high tensile strength 
(105,000 psi.) and yield strength 
(90,000 psi.) ... when you need good 
creep rupture strength at high tem 
peratures . extraordinary tough 
ness at sub-zero temperatures . . . re 
sistance to abrasion, impact, and 
abuse. All or any of these properties, 
plus good weldability, are yours in 
“T-1"! For information write to 
United States Steel, Room 5274, 
Pittsburgh 30, Pa. 


STEEL BELLOWS SOAK UP VIBRATION 
Here is one of the struts that sup 
port each air compressor. Two 
steel bellows—at the top and at the 
bottom of the central cylindrical 
section—flex and absorb the shock 
and stress of heavy vibration from 
the compressor. Tough, strong, 
steel was needed for the bellows 
USS “T-1" does the job, and saves 
money for Westinghouse Electric 
Corporation 


COAL & IROW DIVISION, FAIRFIELD ALA 


UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS, COAST.TO-COAST + UNITED STATES STEEL EXPORT COMPANY, NEW YORE 


CONSTRUCTIONAL ALLOY STEEL 
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va Ore Sintering Machines 
e Ferro-Manganese Blast Furnaces 
Scarfing Machines 


or is designed and constructed for many 

all-weather service. 

“i ion map wre design 
san the drawing on the next page. 


1 Rapping puffs prevented by 
automatic and continuous cleaning 
of collecting electrodes w ith Magnetic 
Impulse Rapper (patents pending). 


Plumb-bob discharge electrodes 
are individually weighted and 
positioned by a steadying frame 
for maximum efficiency. 


3 Hopper boffle prevents gas 
sneakage around electrodes. 


4 Hook-type collecting electrode 
hangers, quickly installed, insure 
uniform distribution of rapper 
vibration throughout entire 
collecting surface. 


Continuous, automatic discharge 
electrode rapping insures 
optimum performance. 


No moving parts in gas stream 
—minimizes maintenance. 


7 Easy access to high ‘ 
tension equipment. 


8 End and intermediate baffles 
provide quiescent zones and 
prevent re-entrainment of 
collected dust. 


. 
@Open Hearths 
J 
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A Owned Subsidiary of Research Corporation 
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Annual Steel Capacity (Ingots and Steel for Castings) As of Jan. 1, 1956 


Company 
Alan Weed Steel Co 
Alece Pre ote Ine 
Allegheny Ladium Steel Corp 
American Compressed Steel Corp 
Armee Steel Cor 
*BheMecid Steel Div 
Atlantic Steel Ce 
& Wileeox Co 
HKaldwin-Lima-Hamilten Corp 
Karium Steel Corp 
dustrial Perge & Steel Co 
Iron & Steel Co 
Kerkman Coe 
"Obie River Steel Div 


*Kethichem Pacific Coast Steel Corp 
HKerg- Warner Corp 

*Ingersell Steel Div 

*Ingersell Pr ets Div 
Hrachurn Alloy Steel Corp 
Hyers Ce. A 


Cameron tron Werks Ine 
er Bteel Ce 
deo & tron Corp 


Crucible Steel Co. of America 
Detroit Steel Corp 
Pastern Stainless Steel Corp 
Pdgewater Steel Co 
Empire Steel Corp 
Erie Porge & Steel Corp 
Pink! & Sense Ce, A 
Firth Sterling Ine 
Meter Ce 
nite City Steel Ce 

Green River Steel Corp 
Harrisburg Steel Corp 
Heppenstall Co 
Hester Steel Corp 
Iniand Steel Co 
rnational Co 

son Iron Werks 
4 p Steel Co 
Jones & Laughlin Steel Corp 
Jesiyn Mig. & ply Ce 
Judson Steet Co 
Kaiser Steel Corp 
Keystone Steel & Wire Co 
Kilby Steel Coe 
Koeoxville tron Coe 
lactede Steel Ce 
Latrobe Steel Ce 
Le Teurnesu Ince. 
Lene Star Steel Coe 
Lekens Steel Co 
MelLeouth Steel Corp 
t Corp 


Merritt-Chapman & Se 
*Milten Steel Preducts Div 
*Newpeort Steel Corp 

Mesta Machine Co 


Midvale Mep tall Ce 
National Ferge & Ordnance Co 
National Steel Corp 
*tireat Lakes Steel Corp 
*Weirten Steel Coe 
National Supply Co 
Newport News Shipbuilding & Dry Deck Co 
Nertheastern Steel Corp 
Nerthwest Steel Kelling Mills, Ine 
Nerthwestern Stee! & Wire Co 
Oregon Steel Mills 
Pacific States Steel Corp 
Pitteburgh Steel Ce 
Verter Ce. Ine, K 
Steel Div 
Div. (Henry) 
Crucible Steel Co 


Simends Saw & Steel Co 
Southwest Steel Kelling Mille 
Texas Steel Co 
Timken Keller Bearing Co 
Unten Electric Steel Corp 
United States Steel Corp 
*Untted Sta Steel Corp 
(Central Operations) 
*American Steel & Wire Div 
*Colambla-Geneva Steel Div 
*Naetional Tube Div 
*Tennessee Coal & Ir 
Universal- Cyclops Steel 
Vanadium-Alloys Steel Co 
*Celenial Steel Ce 
Washburn Wire Co 


Brothers ine 
town Sheet and Tube Co 
Grand Tetal 
* Indicates 


for open hearth furnaces 


subsidiary 
** 


only in melting charge for open hearth furnaces 


Crucible furne 


cludes 3 cor 


Open Hearth 


Capacity, 
Net Tons 
625,000 
103,000 
$12,000 
978.000 
440,000 
188,000 
169,920 


48 600 
604,000 


136,080 


556,000 
498 


279,500 
235,000 


394,000 


044,000 
290,000 


117,600 


500 000 
234,000 


649,300 
,080,000 


100,750 
50,470 


200,000 
000,000 
583,000 

76,500 


536,000 
425,000 


500 


550,000 
750,000 


75 
85 
lta 


200.0004 
2,800,0005 


188,280 


181,770 
420,000 


4 93,000 
1,560,000 


4) 5,510,000 
911 112,317,040 


tincludes 3 oxygen 
verters used only in mel 
Includes 1 crucible 


Bessemer 


Capacity, 
Net Tons 


$36 000 


582,000 


665,000 


1,284,000 


1,110,000 


570,000 


2 240,000 
4,787,000 


verters 
charge 


Electric and Crucible 


Capacity, 
Net Tons 


2.160 


552,200 


1.400 
432.000 
100 
262,000 
229,450 
40 


000 


000 
000 


000 


600 


618,380 
179,400 


90,000 


040 


179,400 


O80 
000 


102,000 
$3,490 


OOo 

1.200 
O00 
O30 


O00 


000 
000 
600 
000 
000 
000 
1,600 
000 
450 
000 


$69 


26768 


000 to 


Total 


Capacity, 
Net Tons 


5.000 


8.600 


000 


080 


000 
OOo 


4.000 


0 


400 


000 
600 


000 


+000 


600 


1,040 


) 0 
75 


50 


2.000 


000 


000 


OOo 


1400 


oo 


000 


000 
000 
600 
000 
000 


000 


000 
450 
000 


000 


» 000 


7.000 


60 
000 
000 
000 


440) 
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No 
4% 
105,160 
5 x0 864,200 
21,600 
25 9 1,410,000 
i4 2 1,740,000 
2 $50,000 
4 229,450 
5 l 169,960 
2 
4 
Het 
10 452 950 
4 
2 100,000 100 
2 20.720 2 |_| 
2 90,000 90,000 
12,000 12.000 
2 B00 58 B00 
6 73,700 73,700 
27 2.279.500 
Keel Sone Corp 235,000 
Columbia Teel Steel Ce 2 6.600 
Continental Steel Corp 5 194 
Copperweld Steel Ceo 7 618,380 
17 || 1,423,478 
1, 1 
4 
3 117 
5 
5 
2 3 ——_ 
10 ) | 
2 179,48 
12, 
40 5 
li ] 1.000 
2 
i } 6.1665 
$7,500 
76.500 
‘ 425,000 
4 425,000 
1 44,020 44.020 
2 18,000 18,000 
5 24.000 24.000 
83,100 63,100 
4 | 0.000 
12 750,000 
1a 1,380,000 
5 90.000 
7 | ; 708,500 
4 l 2 105,000 
4 970 7 ia {25,000 
25,000 
17 2 1200 
10,200 10.200 
12,000) 12.000 
2 114,920 03,200 
46, 000 4 O00 
825.000 825,000 
7 | 120,000 120.000 
181,770 
12 | 1.320,000 
3 11 115 
2 2 2 
2 
Kepublic Steel Corp 78 8,222,000 2 26 1,37 10,262 
Retary Electric Steel Ce wn 
Sharon Steel Corp 16 1,691,000 2 1,763, 
21,600 
1 45 
7 
2 a 
26 2,275,000 
lv 2,539,000 255 
15 2,700,000 6 
23 3,997,000 Jt 
5 70,160 7 
4 12,000 12 
2 10,000 
Wheeling ‘ 2 2,130,000 
Wie 1 21,380 21,380 
Yeu }.750.000 
for open hearth furnaces Include 0 converte ised 
fu ‘ annual capacit 40 tons See ack wiedg ent. p ue) 


Electric furnace roofs at 


THE TIMKEN ROLLER 
BEARING COMPANY 


Photo courtesy of 
The Timken Roller Bearing Company 


Exclusive Agents in Canada: 


REFRACTORIES ENGINEERING AND SUPPLIES, LTD. 


Hamilton and Montreal 


are bonded with 7 


TAYCO-40 


SILICA CEMENT 


At the Steel and Tube Division of The Timken Roller 
Bearing Company, electric arc furnace roofs are laid 


with Tayco-40 Silica Cement. The advantages are many 


Tayco-40 is nearly as refractory as the best 
grades of silica or super-duty silica brick. 


Silica brick and shapes are more easily fitted 
with all voids and irregularities well filled. 


Roof life is prolonged. Thin, tight joints pre- 
vent brick from slipping out of place when 
in service. Spalling is retarded. 


Tayco-40 has excellent water retention 
properties. It is the most workable silica 
cement obtainable. Less cement is used; 
joints are thinner, tighter. 


Tayco-40 is used and endorsed by superintendents of leading steel mills for 
lengthening the life of silica electric furnace roofs and side walls; for open 
hearth furnace roofs, and all other places in open-hearths where silica brick 
ore used. Try Tayco-40 for your next rebuild. Detailed data given in Bulle- 


tin No. 507. Ask your Taylor Field Engineer or write direct for your copy. 


Te CHAS. TAYLOR SONS. 


) A SUBSIDIARY OF NATIONAL LEAD COMPANY 
REFRACTORIES SINCE 1864 CINCINNATI OHIO U.S.A 
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Annual Capacity of Blast Furnaces as of Jan. 1, 1956 


Total 
No. of Capacity, 
Company Stacks Net Tons 
2 454.800 


Alan Weed Steel Co 
Armee Steel Corp 


978,000 


360,000 


el Div 
Bteel Corp 
"Phoenix tron and Steel Co 1 
Herkman Ce., Louls 1 
Hethichem Steel Ce 33 
Colerade Purl and tron Corp 7 
Crucible Steet Co. of America 
it Steel Corp 2 766 
3 
, 
8 


200 
136,800 
12,830,000 


895 000 


8.700 
Pastern Gas and Puecl Associates 195,000 
1,199,400 
Iren Coe 100.000 
anite City Steel Ce 450.000 
and Steel Cae 3,011,200 
erlake Iron Corp 6 5. 000 
ernational Harvester Ce 731,000 
kheon Iron & Steel Co 1 95.000 
Jones & Laughlin Steel Corp 13 4.587.000 
Kaleer Steel Corp 3 1,314,000 
Lene Star Steel Co 1 385.000 
Metouth Steel Ce 1 483.500 
National Steel Corp 
Creat Lakes Steel Corp 4 2.050.000 
"Hanna Purnace Corp 4 850,000 
"Weirton Steel Co 4 2.100.001 
New Jersey Zine Co 2% 112.000 
Pittsburgh Coke & Chemical Ce 836.500 
Pitteburgh Steel Coe 980 000 
Republic Steel Corp 22 7.276.000 
Sharen Steel Corp 814.400 
Shenango Furnace Ce 2 445.450 
Merritt Chap mn & Seott Corp 
"Tennessee Products & Chemical Corp 3 217,740 
Tonawanda tron Div 1 165,000 
nited States Pipe & Foundry Co 4 491,710 
nited States Steel Corp 
"United States Steel Corp. (Central Operations) §3°° 19,159,500 
*Amerioan Steel & Wire Div 6 694,000 
*Columbia Geneva Steel Div 5 04,200 
*National Tube Div 100 
*Tennessee Coal & tron ort 1,209,000 
Wheeling Steel Corp 6 1.800.000 
Weedward tren Co . 4 772.630 
Voungstown Sheet & Tube Co 4 140.000 


Grand Total 


§ Spiegeleiser oe ude 22 800 


if 216.000 tor ferroallo capacity Perromanganes¢ 


ton fer ipacit 19.000 tor ferroalloys capacit tt Includes 809,800 tor fe able 


Annual Coke Capacity as of Jan. 1, 1956 
Beehive Other 


Total 
No. of Capacity, No. of Capacity, Capacity, 
Company Ovens Net Tons Ovens Net Tons Net Tons 


Alan Weed Steel Co 151 600.000 600,000 
186 1.057.000 1.057.000 
SheMeld Steel Div 462 18.000 418,000 
HKethichem Steel Co 2.208 11,450,000 11,450,000 
Colerade Pucl and tron Corp 206 1.220.000 1.220.000 
Crucible Steel Cae of America 213 431,600 831,600 
Detroit Steel Corp 108 150,000 550,000 
Pastern Gas and Associates 108 464.000 664,000 
Ford Meter Co 220 1.307.200 1,307,200 
Ciranite City Steel Ce 74 450,000 450,000 
land Steel Co 418 2,143,400 2,143,400 
Corp 1.494.000 1,494,000 
International Harvester Corp 148 664.300 664.300 
Jones & Laughlin Steel Corp 831 3,937,000 4.927.000 
Kalser Steel Corp 2097 100,000 225 1.006.000 1,106,000 
Lone Star Steel Co 78 438.000 438,000 
National Steel Corp 
*Cireat Lakes Steel Corp 216 1,600,000 1,600,000 
*Hanna Furnace Corp 126 622,000 622.000+ 
*Weirten Coal Co 136 120,000 20,000 
*Weirten Steel Co 253 1.620.000 1,620,000 
Pittsburgh Coke & Chemical Coe 140 1.000.000 1.000.000 
Pittsburgh Steel Ce 120 228,000 74 500.000 728,000 
Republic Steel Corp 206 215,000 1,179 6.210.000 6.525,000t 
Sharen Steel Corp 60 225,000 : 000 
*Carpen own Coal & Coke Co 85 375,000 175,000 
Merritt-Chapman & Seett Corp 
*Tennessee Products & Chemical Corp “4 251,500 251,500 
United States Pipe & Foundry Co 150 4,100 754,100 
United States Steel Corp 
"United States Steel Corp. (Central Operations) 1,733 1,054,000 3.043 14,650,800 15,704,800 
*American Steel & Wire Div 295 1,418,100 1,418,100 
*Celumbia Geneva Steel 1.345.700 1.345.700 
*National Tebe Div 154 602.200 1.602.200 
*Tennessee Coal & Iren Div 58 1.092.500 1.032.500 
Wheeling Steel Corp i4 1,720,004 1.720.000 
Weedward tren Co 938.000 928.000 
Voungstown Sheet and Tube Co 70 31,496,000 1,696,000 
Grand Total 1.367 2,092,000 13,763 69,416,400 71,508,400 


* Indicates subsidiary. t Indicates 50 pet of coke capacity of the Donner-Hanna Coke Cory Buffalo 


Acknowledgment is given to the American Iron & Steel Institute for permission to publish these official capacity figures. All data were 
compiled by AISI, and are correct as of Jan. 1, 1956 
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AJAX INDUCTION FURNACES 
Will Reduce Metal Costs for You Too! 


INSTALLATION AT WALLEY METAL PRoDUS 
(SUBSIDIARY OF MUBLLER BRASS. 


uo bu J. Gordon White 


Manufacturers of “Vampco” architectural life Ajax melting furnaces and one Ajax 10,000 
long aluminum alloy extrusions, Valley Metal _ lbs holding furnace which pours into a semi- 
Products Co., use Ajax furnaces exclusively continuous casting machine. Operation 1s 


in their billet casting shop, because these continuous. Production is 750,000 Ibs. per 


furnaces enable them to produce aluminum month, Metal losses are below 1% The hold- 


alloy billets from selected scrap in the high ing furnace requires no fluxing or chlorinat- 


quality required for their product ing. Maintenance is low. Working conditions 
The compact layout of this casting shop, are comfortable and permit full utilization 


shown in the picture, includes two 166 kw of all productive efforts 


SEND FOR BULLETIN R-40 


AJAX ENGINEERING CORP., TRENTON 7, Ni J. 


INDUCTION 


ELECTRO METALL 
ELECTROTHERMIC 

AJAR ELECTR FURNACE CORP. 
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PLAINWELL, MICH: 
Photograph from an oil paint): 


Heat More 
ISLEY 


The Morgan-lsley system offers you a better 
means of heating ingots with straight blast 
furnace gas, coke oven gas, natural gas or oil. 


The schematic shows the flow of combustion air and flue 
gases through the regenerators and soaking pit. The 
Morgan-lsley system employs vertical regenerators. It 
eliminates regenerator capacity under the crane runway 
thus freeing this valuable area for heating steel. 


* MORGOM BEARINGS REGENERATIVE FURNACE CONTROLS 


MORGAN CONSTRUCTION COMPANY woncesven, mass. 
«ROLLING MALS EJECTORS + PRODUCER GAS MACHINES 
Wood, Reg., Koppen Bidg., Pitmburgh, Po. English Rep., Intemational Construction Co., 56 Kingsway, London W.C.2, Eng. 
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National Open Heart 
teel Committee 


Local Section Activities 
Chicago Section 


@ Activities of the Chicago Section were varied 
and successful. Phil Smidt’s Restaurant was the 
cene of the spring dinner meeting on May 23, 1955, 
with 114 members attending. Technical chairman 
for the program was Earl] Pierce, of South Works, 
Steel Corp. He led the discussions 
open hearth factors which influence product 
ociated with open hearth 


Carnegie-I]linoi 
covering 
urface and problems a 
chemistry 

The annual golf party was 
Country Club on Sept. 13, 1955 
ally played golf and 415 arrived for the dinner 

Highlight of the fall dinner meeting on Oct. 17, 
1955, at Phil Smidt’s Restaurant, was the report on 
European steelmaking practices by Lew Berner and 
Mike Tannenbaum of the Inland Steel Co. They 
presented first hand observations from their trip of 


held at Midlothian 
Two hundred actu- 


the preceding summe! 


HESS 


Youngstown Sheet & Tube Co, 
East Chicago, Ind 
Chairman, Chicago Section 


For the all-day off-the-record meeting on March 
14, 1956, the Chicago group chose the Del Prado 
Hotel. Subjects discussed were: resurfacing bot 
toms; pouring aisle refractori 
in the manufacture of fully aluminum killed steel; 
The $100 annual prize award 


aluminum control 


and mold coating 
just established for the best paper on 
open hearth practice, was presented for the first 
time to L. E. Kraay. Hi entitled Resur- 
facing Open Hearth Furnace Bottoms 

The section plans a spring dinner on May 7 at 
Phil Smidt’s Restaurant at which time Courtney 
Sorrels of Gary Works, U. S. Steel Corp., will serve 
as technical chairman 

Office for 1956 are: T. D 
Sheet & Tube Co., Chairman; H. Erler, Gary Work 
U. S. Steel Corp., Vice Chairman; and M. Nickel, 
Wisconsin Steel Works, International Harvester Co 


ome phase of 


paper wa 


Hess, Youngstown 


W. M. MONTGOMERY 


U. S. Steel Corp., Torrance, Calif 
Chairman, Western Section 


Western Section 


e During the last year the Western Section met 
four times at the Rodger Young Auditorium. The 
iged approximately 50 

The dinner-busine meeting on Sept. 21, 1955, 
under the chairmanship of K. L. Grant, Bethlehem 
Pacific Coast Steel featured a speech on Open 
Hearth Improvement by L. W. Murphy of Pacific 
Coast Steel Corp. On Nov. 16, 1955, W. T. Purvance 
of U.S. Steel Corp., presented a talk on a new ap- 
maintenance. Mr. Purvance 


attendance aver: 


Corp 


proach to open hearth 


also showed slides on rebuilding an open hearth 
back into place 
Montgomery, 


furnace and moving the furnace 
Chairman for the meeting was W. M 
Steel 

Tom Jones, chairman of the Jan. 18 meeting thi 
featured pre ake! Mr. Jone 
of National Supply Co., discussed the Use of Refrac- 
Furnace Bottom. 
principal 


yea! also erved a 


tory Gun on Electri 
Fredennick, ISD, Kaiser Steel Corp., the 
peaker at the ession on Mar. 21, was introduced 
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by technical chairman W. F. Bowers, Jr., also of Future plans include a meeting on May 16, 1956 
Kaiset Mi Frede nnicKk re ported on the application at the Rodger Young Auditorium e.. Wi man of 


and deve lopment of the ise of mechanically capped the Southwest Steel Rolling Mills, ha been chosen 
teel in his company technical chairman 


Southwestern Section 


@ The usual spring meeting of the Southwestern headquarters at the Hotel President, was followed 
Section was held in St. Louis on February 11, 1956 by a fellowship dinner. The total registration for 
at the Hotel Lennox. Approximately 125 person both functions was 143. The Suppliers’ cocktail 
re tered and the majority of them were present party, a highlight of the daytime activities at the 

all-day technical se ion. Attendance at the fall meeting, was capably handled by Henry Day 
fellowship dinner which followed was 116. The tech and Norvall Hunthausen 
nical program for the spring meeting was arranged The election of officers for a two-year term, wa 
by J. E. Wilbank, Atlantic Steel Co., Atlanta, reti held at the February meeting. Those elected were 
ng program chairman for the section J. M. Brashear, Lone Star Steel Co., Chairman 

The fall meeting of the section was held Oct. 6-7 <. P. Campbell, ARMCO Steel Corp., Co-Chairmar 
1955 in Kansas City In addition to the all-day ry Day, Valley Dolomite Corp Secretary- 
technical session, the fall meeting had an additional Treasure! Norvall Hunthausen, Mexico Refrac- 
day, Oct. 6, which was devoted to a plant visit of the tories, Assistant Secretary-Treasurer, and Bill Stein- 
Sheffield Steel Company. The technical session with heider, ARMCO Steel, Program Chairman 


J. BRASHEAR Cc. W. CONN 


Lone Star Stee! Co., Lone Star, Texas Ford Motor Co., Dearborn 
Chairman, Southwestern Section Chairman, Detroit Section 


Detroit Section 


@ The Detroit Section held their first meeting on McLouth and K. D. Cassidy of Ford. They empha- 
February 29 with 129 present, an excellent attend- ized how pleased their companies were to support 
ance for the first organization meeting. All of the the new NOHC section and to have this new service 
principal ingot steel producing companies in the to the steel industry in the Detroit area 
area-——-Ford Motor Co., Great Lakes Steel Corp Bill Reilly, one of the early participants in the 
Rotary Electric Steel Co. and MeLouth Steel Corp NOHC Conferences reminisced on the first meetings 
were well represented He pointed out how far the steel men had advanced 

Chairman W, C. Conn outlined the history of the in their willingness to exchange information, since 
National Open Hearth Committee. He then called on the early day Mr. Reilly felt that much of the 
AIME Secretary Kirkendall, former NOHC Seer progre being made in the steel industry could be 
tary, to discuss the importance of the Open Hearth attributed to this exchange of information 
local sections, as well as the AIME to the metallur- Mr. Conn thanked M. J. Smith for his help in 
gical profession acting as chairman of the organization committee, 

Mr. Conn introduced those present at the speaker and Harry Clark, secretary of the new section, for 
table, including Bill Spaulding of Great Lakes Steel his extensive work in arranging for the opening 
Bob Surgeson of Rotary Electric, Paul Lindberg of meeting. It was noted that the new section had met 
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jointly in January with the Detroit Section, AIME, 
to discuss Oxygen in 


Jefore closing the 


teelmaking 
meeting, Mr. Conn announced 
the appointment of a nominating committee unde1 


the chairmanship of Martin E, Groat and a program 
headed by Paul Lindberg 
include a technical program in about 


committee Chairman 


Future plan 
two months, when new office 


will be elected 


Northern Ohio Section 


e@ The year 1955 was an active one for the Northern 
Ohio Section with good attendance at both the annual 
off-the-record technical session and the golf party 

On Tuesday Mar. Ist, 1955, the technical session 
was held at the Pick-Ohio Hotel in Youngstown 
with approximately 250 members present. Co-chair- 
men Bruce Ramage, Youngstown Sheet & Tube Co., 
and J. F. Beale, Republic Steel Corp., arranged an 
ting program. The first speaker, F. W. Ry 
Coppers Co. Ince discussed Continuous Casting at 
Atla Steel Corp He was followed by Karl L. Fetter 
Youngstown Sheet & Tube teel- 


intere 


who summarized 


JAMES SMITH 


Republic Steel Corp., Warren, Ohio 
Chairman, Northern Ohio Section 


making in decade. The meeting concluded 
with a talk .. F. Waggener, Republic Steel, on 
Effects of Au Pour and Related Pit Problems 

After the cocktail hour the dinnet 
peech by Harry A. Stuhldreher, a 
vice president, U. S. Steel Corp 

The golf party was held at Youngstown Country 
Club on June 3rd at which time 150 were present 


featured a 
istant to the 


for the dinner 

Officers elected for 
and J. F Secretary 
Steel 


1956 are: J. Smith, Chairman, 
Treasurer, both of Re 


public 


LEWRY 


Detroit Steel Corp., Portsmouth, Ohio 
Chairman, Southern Ohio Section 


Southern Ohio Section 


e For their 19th Annual Conference on Sept. 23 
1955, the Southern Ohio Section chose the Deshler 
Hilton Hotel in Columbus, Ohio. The 204 member! 
were welcomed by chairman R. W. Lewry, Detroit 
Steel Corp 

Two technical session arranged. The first, 
on operating and combustion featured three 
Albert Meihack, Empire 
ation of Fuel Oil with 
High Pressure Ga Discussing blast furnaces, E. R 
Keresmar, Armco Steel Corp., showed how to ex 
tend the life of bottle type ladle J. F. Pollack of 
Jones & Laughlin Steel Corp., treated the subject 
Application of High Al Super Duty Su 
pended Fantail Nose Brick. This meeting concluded 
with Charles R. Taylor cription of his trip to 
Europe. Mr. Taylor with Armco 

The practi and qualit ession was under the 
Woods and W. O. Richmond 


were 
papel 
and a European 
Steel Corp., poke on 


re port 


Atom 


or 


a ociated 


leadershi d 


with Armco, Among the 
affecting the basi 
killed steel; ladle 
cage, and a comparison of chimney type checket 
The general concerned with Method 
Used to Control Scrapping Molds and Stool 
Toastmaster for the dinner was H. G. Grim, Hep 
penstall Co., Pittsburgh, who introduced the fea 
peaker of the ¢ Leo Wolman, Prof. of 
Economics at Columbia University. Dr. Wolman i 
Bureau of Economu 


both men are topics di 


cussed were factol 


quality of 


medium carbon nozzle etting 


Yiriposium Wa 


tured vening 


also director of the National 
Research 

The section 
24, 1955. Approximately 56 member! 
in the golf ; vities and 80 attended the dinner, at 
the Elks Count Club in Portsmouth, Ohio, The 
1956 outing cheduled for June 8th in Ashland 
Ky., and the annual meetin vill be held again at 
the Deshler-Hilton Hotel on Oct. 5th, 1956 


annual golf outing wa held on June 


participated 
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@ The Buffalo Section held their meeting at the 
Royal Connaught Hotel in Hamilton, Ontario, Canada 


on Nov. 15, 1955, with 233 attending 

In the morning a group of 175 visited the new 
oxygen steel plant and continuou galvanizing line 
of the Dominion Foundries & Steel Ltd. which gen- 


erously provided bus transportation for the trip 
The technical session held in the 
devoted to problem 


afternoon wa 
of furnace operating and com- 
bustion 


pouring and pit practice, and steel quality 


Foremen of yvariou 


plant took an active part in the 


e Three events were held by the Pittsburgh Sec- 
tion during 1955, a dinner pring 
and the record meeting 
The dinner 


technical meeting, a 
annual oft -the 
technical meeting wa 


party 
held in ooOpera- 


tion with the AIME Iron and Steel Div., local sec- 
tion, and wa attended by 250 member and guest 
John Chipman of the Massachusetts Institute of 


review of the 
most recent developments in research on hydrogen 
in steelmaking 

At the golf party held on June 17, 1955 at Oak- 
mont Country Club, a total of 185 members and 


Technology pre ented an excellent 


guests enjoyed the perfect weather and played golf 
S.J. Dougherty served as toastmastet at the evening 
golf party dinner attended by 325 member The 
committee which arranged the details of this party 


was under the chairmanship of J. T. Meell 

The annual off-the-record meeting was held at 
the William Penn Hotel on November 4, 1955 with 
a total registration of 860. A , the off- 
the-record meeting has been a joint effort in co- 
with all AIME sections, including 
Petroleum, and the Institute of Metal 
attended the tech- 
nical sessions and the Fellowship Dinner as guests 
of individual members and the NOHC Pittsburgh 
Section. The general chairman of the meeting was 


in past year 
operation local 
Coal 


Seventy engineering student 


R. J. Murdy, assisted by E. B. Snyder. At the Fel- 
lowship Dinner, S. J. Dougherty served as toast- 
master and the speaker of the evening was Robert 


Charpie of the Oakridge National Laboratory. John F 
Elliott and Frank W. Luerssen received the F. L 
Toy award, and the Student Prize Paper award was 
presented to Lowell Brenner 

of this section include an ISD dinner 
cheduled for May 17, 1956. F. D. Richard- 


Future event 
meeting 


A new slate of officers for the Eastern Section was 
elected at the January Board of Director 
Plans for the 1956 program were made at that time, 
the first event of the year being a visit to the Alan 
Wood Steel Co, plant in Conshohocken, Pa. This trip 
will include stops at the new Plate Mill and Cold 
Mill as the Open Hearth. A luncheon meet- 
ing for the group will follow the plant trip 
The principal event of the year will be the annual 


meeting 


well a 
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Buttalo Section 


Pittsburgh Section 


Eastern Section 


animated discussions. The evening banquet saw a 
turnout of 208 

The executive committee elected the following 
officers for a two-year term: J. L. Walton, Bethk 
hem Steel Co., Chairman; J. R. Atkinson, Dominion 
Foundries & Steel Ltd., Vice Chairman; and H. A 
Morlock, General Refractories Co., 
Treasurer 

The Buffalo Section’ 
a“ golf party on June 5 
on November 13, 1956 


Secretary and 


plans for the year includ 


1956 and the annual meeting 


D. L. McBRIDE 


U. S. Steel Corp., Pittsburgh 
Chairman, Pittsburgh Section 


on from England will be the featured speaker. The 
golf party will be held June 13, 1956 at the Field 
Club, Pittsburgh, and the annual off-the 
meeting is slated to take place at the William Penn 
Hotel on Nov. 1, 1956 

The present officers 


-record 


of the Pittsburgh Section are 


D. L. McBride, U. S. Steel Corp., Chairman; R. M 
Barnhart, Alco Products Corp., Vice Chairman, 
C. M. Kay. U. S. Steel, Secretary; C. Longenecker, 


Blast Furnace & Steel Plant, Treasure: 


fall meeting scheduled for October 12, 1956 Results 
of the elections were: Chairman, C. D. Moore, G. & 
W. H. Corson Inc.; Vice Chairman, G. S. Baldwin, 
Standard Steel Works Div., Baldwin-Lima-Hamilton 
Corp.; Directors, R. Mathews, Alan Wood Steel Co., 
and H. W. Potter, Lukens Steel Co.; Secretary- 
Treasurer, J. R. Behrman, Alan Wood Steel Co.; 
Jenni, Gen- 


Program Committee Chairman, C. B 
eral Steel Castings Corp 


Notable 
Achieve ents 


at SAL 


JPL JOB OPPORTUNITIES ARE 
WAITING FOR YOU TODAY 


in these fields 
CHEMISTRY 
NUCLEAR PHYSICS 
METALLURGY 
SOLID STATE PHYSICS 
CHEMICAL ENGINEERING 
HEAT TRANSFER 
COMBUSTION 
MECHANICAL ENGINEERING 
NUCLEAR ENGINEERING 


CALTECH 


THE WORLD'S ALTITUDE RECORD of 250 miles was established 
by the WAC-Corporal, used as a second-stage missile fired in flight from 
the nose of a V-2 Rocket at White Sands in February 1949 

The “Wac” was one of a series of test rockets used by JPL in the devel 
opment of the Corporal, an operational guided missile 

The technology of this two-stage rocket flight has become the founda 


tion on which to build a globe-girdling satellite 


Leadership in Chemical Research 


The success of these rockets has its roots in basic research in propel 
lants and in the imaginative engineering design of rocket motors. Research 
on propellants at JPL has run the gamut of oxidizers such as nitric acid, 
hydrogen peroxide, and the pioneer studies of liquid fluorine, Current 
interest in many unusual fuels, hydrazine for example, stems direc tly from 
JPL work of ten years ago 

Che Laboratory's work in propellants is of basic scientific interest and 
is published in professional journals, Precise redetermination of the heat 
of dissociation of fluorine, studies of the thermodynamics of the nitric acid 
family and basic research in combustion are all examples of our many 
continuing interests. 

Chis work in liquid prope llants is paralleled by comparable efforts 
related to solid propellants materials and metallurgy. 

On the engineering side, studies to improve the design of rocket 
motors able to handle unusual combustion and heat transfer requirements 
and the design of auxiliary chemical power units are in progress 

These important experiences provide a natural and firm foundation 
for our current interest in nue lear propulsion 

We need qualified new people for such activities. If you enjoy the 
challenging atmosphere of new researc h, write us today. Please outline 


your technical interests, qualifications and experience 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 
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Traditionally, molybdenum has been packaged 
in bags and cans, with weather conditions, storage, 
and equipment problems frequently resulting in 
an awkward handling situation for the steel man- 


ufacturer. 


Now, MCA Is first again in offering a standard 
wooden pallet, with either 100 bags or 64 cans 
steel-strapped securely in place. The full pallet is 


easily and safely moved by lift truck to storage 


404 


Grant Building 


CORPORATION OF AMERICA 


location or direct to the furnace. The pallets are 
expendable, and but a small nominal charge is made 
to customers authorizing this form of shipment. 


We are confident the new “Moly” palletizing 
system will more than justify 


your expectations, 


Send now for the new MCA pamphlet— 
Molybdenum—Now Palletized” 


Pittsburgh 19, Pa. 


Offices: Pittsburgh, Chicago, Detroit, Los Angeles, New York, San Francisco 
Soles Representatives, Edgor \. Fink, Detroit, Brumley-Donaldson Co, Los Angeles, Son Francisco 


Subsudiory 
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Cleveland. Tungsten, inc, Cleveland 


Plants: Washington, Pa, York, Pa. 
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al 
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“HIGH ALUMINA-FIRE CLAY-SILICA BRICK 


Mortars: Plastics - Castables:Gun Mixes 


backed by 


MOUNT UNION. PA 
over 100 years 


MO 


experience in —_— 


refractories 


= 


WOMELSOORF PA ST MARYS PA LOCK HAVEN LUMBER CITY, PA 


AMERICAN REFRACTORIES COMPANY 


orrices * CLEVELAND 14, OnIO 


906 Bive Cross Bidg Po 1938 Otvver Busiding Pittsburgh 606 Verrace 
(SALES orrices: 89 Brood Street, Boston 10. Mase. 


Cortes 2) Michiqen Ome 


’ NORTH AMERICAN REFRACTORIES LTD., 191 Victoria Ave., South, Hamilton, Ontario 


APRIL 1956, JOURNAL OF METALS—405 


PRY: 
PA ASHLAND, KY HAYWARD, KY 


Vibrations of the sound “or” in the word “four.” Pattern represents nine 


of the “pitch periods” which originate in puffs of air from the larynx 


An intrstng when a word is spoken. 
exprmnt 


in spch 


Some day your voice may travel by a sort 
of electronic “shorthand” when you tele- \n electronic sampling of the “or” sound. One “pitch period” in three 
phone. Bell Laboratories scientists are ex- has been selected for transmission. This permits great naturalness when 
perimenting with a technique in which a voice is rebuilt. intelligible speech could be sent through a 1 in 6 sampling 
sample is snipped off a speech sound — just 
enough to identify it—and sent by wire to a 
receiver which rebuilds the original sound. 
Thus voices can be sent by means of fewer 
signals. More voices may economically share 


the wires, 


This is but one of many transmission tech- 
niques that Laboratories scientists are explor- 
ing in their search for ways to make Bell The selected samples are “stretched” for transmission. They travel in a 
System wire and radio channels serve you narrower frequency band than complete sound. 
more efhiciently. It is another example of the 
Bell Telephone Laboratories research that 
keeps your telephone the most advanced on 
earth. The ose Hloscope traces at right shou 


how the shorthand technique works 


BELL TELEPHONE Using the stretched sample as a model, the receiver restores original 

frequency. In all speech, sounds are intoned much longer than is needed 

LABORATORIES 

for recognition even by the human ear. Electronic machines perform 
recognition far faster than the ear. 


orld center of communications research 


Largest industrial laboratory in the United States 


The receiver fills in gaps between samples, recreating total original sound 
Under new system, three or four voices could travel at once over a pair of 


wires which now carries only one —and come out clearly at the end! 
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IMPROVE OPEN HEARTH PERFORMANCE 


with RAMTITE Monolithic... 
AIR-TIGHT .. . FLAME-TIGHT . . . GAS-TIGHT 


Checker Chamber Roofs, Fantails, and Sidewalls 


Ramtite enclosures have increased air preheat tem Over 35 years experience manufacturing and in 
peratures from 200° to 300° F., reduced total heat stalling Ramtite plastic and castable refractories 
time with a corresponding increase in production 


and a perceptible reduction in fuel consumption is behind every Ramtite design and construction. 


Can You Afford Not to Use RAMTITE? RAMTITE is our business, Not a Sideline 


THE RAMTITE CO, 


- 


DIV. OF THE S. OBERMAYER CO 


This is another in o series of advertisements depicting ways Ramtite Refractories serve the 


CO. 


tote 


steel industry 
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W MARSHALI 


CHAIRMAN 


Armco Steel Cor 


PAST-CHAIRMAN 
Inland Steel Corp 


Blast Furnace, Coke 
Oven, and Raw 


FFT 


Materials Committee 


Executive Board 


E J. Andberg C. F. Hoffman 

Globe tron Co Bethlehem Stee! Co 
JJ. Cavett C. G. Hogberg 

Jones & Laughlin Stee! Corp U_ 5. Steel Corp 
E J. Dulty R. P. Liggett 

Kaiser Stee! Corp Republic Stee! Corp 


R. W. Sheerman, Treasurer, AIME 


Program Committee 


RE. Powers, Chairman W. F. Huntley 
Koppers Co. inc Jones & Laughlin Stee! Corp 
James Chisholm Douglas Joyce 

U.S. Stee! Corp Aigome Steel Corp Ltd 
J. D. Doherty J. B. Wagstatt 

island Creek Coal Co U.S. Steel Corp 


Jones & Laughlin Steel Corp 


Finance Committee 


C. T. Marshall, Chairman 
Pittsburgh Coke & Chemical Co 


EJ. Andberg W. M. Ashton 
Robert Anderson J.P. Kennedy 


Wembershifa Committee 


5. K. Scowil, Chairman 
The Cleveland Cliffs Iron Co 


5. C. Bouwer J. B. Hollister, Jr 


Robert Chisholm R. C. Mohr SECRETARY 
W. E. Conway White U. S. Steel Corp 
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M HAMILTON 
VICE-CHAIRMAN 


Ritu 


CHAIRMAN 
Heppenstall Co 


AMBING 
PAST-CHAIRMAN 


Steelmaking Consultant 


National 
pen Hearth Stee 


Committee 


Executive Board 


R. P. Carpenter J. S. Marsh 
Republic Steel Corp Bethlehem Steel Co 


C. E. Carr G. B. McMeans 
Weirton Steel Co Kaiser Steel Corp 
D. R. MATTHEWS T_ A. Cleary L. W. Moore 
VICE-CHAIRMAN Youngstown Sheet & Tube Co Wheeling Stee! Corp = 
Alan Wood Steel Co C. F. Henzelman E. B. Snyder 
Granite City Steel Co Wheeling Steel Corp 
V. W. Jones J. M. Stewart 
Armco Steel Corp Hickman Williams & Co 


T. L. Joseph A. W. Thornton 
University of Minnesota U.S. Steel Corp 

D. R. Loughrey M. Yarotsky 
Jones & Loughlin Stee! Corp U S$. Steel Corp 


Program and WMembershifs Committees 


T. B. Carpenter W. M. Montgomery 
Chairman, Membership Committee U.S. Steel Corp 
Youngstown Sheet & Tube Co 
J. M. Brashear D Moore 
Lone Star Stee! Co Cordol Corp 
C. W. Conn R J. Murdy 
Ford Motor Co New York State Nat Gas Corp 
T. D. Hess James Smith 
Youngstown Sheet & Tube Co Republic Stee! Corp 
Lewry L. Walton 
Detroit Stee! Corp Bethlehem Steel Co 


Executive Board Officers serve on Program Committee 


Finance Committee 


W SHEARMAN L. F. Reinartz, Chairman 


SECRETARY TREASURER Armee Stee! Corp 
AIME Shearman 


L. R. Berner H G. Grim 
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What do you do when a mixer accidentally pours 500 tons of 
molten metal into the scale pit of an open hearth shop, putting the 
mixer completely out of production? 

At 3:00 P.M. on a Wednesday in April, 1953 that question was put 
to CHICAGO CONCRETE. Although the job was over 2,000 miles 
away, a representative was on the scene appraising the damage 

in a matter of hours. Simultaneously he ordered out 


the manpower and equipment necessary to 


repair the damage while setting to work 


available manpower in cleaning up 
Then coupling the experience 
bred of 35 years of operation with 
the judicious use of dynamite, CHICAGO 
CONCRETE went to work. WITHIN 
DAYS THE ENTIRE MASS WAS 
REMOVED AND THE MIXER READY 
TO RETURN TO ITS JOB 


PRODUCTION TIME SAVED ... 
35 DAYS 


By tried-and-proven-safe methods, 
CHICAGO CONCRETE removed that 
500 tons of metal from the scale pit — 
taking care to safeguard the mixer itself 


throughout the entire operation. The 


savings to this mill in ‘“down-time” was 


literally tens of thousands of dollars 


This is another of many emergencies 
handled by CHICAGO CONCRETE 
every day, every week handled 


by experienced men employing the 


utmost speed. You, too, can depend 
on CHICAGO CONCRETE in ANY 


emergency 


Cucaco Concrere Breanne 


12233 S$. AVENUE “O”, Chicago 33, Ill, BAyport 1-8400 
PITTSBURGH AREA - 213 Corey Ave., Braddock, Pa., Electric 1-1656 


SERVING THE PRIMARY METALS AND OIL INDUSTRIES WITH 
KNOW HOW, EQUIPMENT AND MANPOWER FOR 35 YEARS 
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CHICAGO CONCRETE CONS TRUCTION 
Regardies, of the Size of the job — from a 
Minor Masonry Steel or foundation repair, 
a “OMplete furnace rebuild, CHICAGO CON. 
ffers you the know-how and faCilities 
handle any lob. Chicago CONCRETE Con, 
STRUCTION COMPaNny ff COMPLET, 


Blast Furnace, Coke Oven, and 


Raw Materials Committee and National 


Open Hearth Steel Committee Programs 


The Netherland Plaza Hotel, Cincinnati, will be the scene of the 39th con 
ference, held Apr. 9 through 11, 1956. Registration will be on the 3rd Floor 
Foyer, at 3 to 9 pm on Sunday, April 8; 8 am to 5 pm on Monday and 
Tuesday, April 9 and 10; and 8 am to 4 pm on Wednesday, April 11 
for the plant trip on Wednesday, April 11, will leave the Netherland Plaza 
at 9 am and return at 4 pm. On Monday and Tuesday, authors and session 
chairmen for each day's program will meet for breakfast at 8 am in Parlor | 


Buses 


Blast Furnace, Coke Oven, and Raw Materials Conference 


MONDAY, APRIL 9 


9:30 am to 12:15 pm—Pavillon Caprice 
SIZING AND SINTERING OF ORES SESSION 


Chairmen: 
Douglas Joyce, General Superintendent, Algoma 
Steel Corp., Ltd., Sault Ste. Marie, Ont., Canada 


Kurt Neustaetter, Assistant Superintendent, 
Plant 3 Blast Furnace, Inland Steel Co., East 
Chicago, Ind 

1. Welcoming Remarks: 

W. E. Marshall, Research Metallurgist, Armco 
Steel Corp., Middletown, Ohio and General 
Chairman, Blast Furnace, Coke Oven, and 


Raw Materials Committee, AIME. 
2. Design and Operation of No. 3 Sinter Strand at 

Jones and Laughlin’s Benson Mines: 

R. G. Fleck, Manager, and F. M. Hamilton, Met- 
allurgical Engineer, Benson Mines, Jones and 
Laughlin Steel Corp., Star Lake, New York 
(Preprinted) 

3. The Lurgi Sintering Plant of The Steel Company 
of Canada: 

T. W. W. Trumper, General Foreman, Docks and 
Sintering, The Steel Co. of Canada, Ltd., 
Hamilton, Ont., Canada. (Preprinted) 

4. Ore Preparation Plant of Steel Company of 

Wales, Limited: 

K. C. Sharp, Superintendent, Blast Furnaces, 
and H. R. Tufnail, Manager, Ore Preparation 
Plant, Steel Co. of Wales, Ltd., Port Talbot, 
South Wales. (Preprinted) 

5. Weirton’s New Eight-Foot Wide Iron Ore Sin- 
tering Plant: 

J. H. Strassburger, Assistant 
Engineering, National Steel Corp., 
Pa. (Preprinted) 


Vice-President. 
Pittsburgh, 


12:30 pm—Parlor | 
BLAST FURNACE, COKE OVEN, AND RAW 
MATERIALS EXECUTIVE BOARD LUNCHEON 


2:00 to 5:00 pm—Pavillon Caprice 
BLAST FURNACE OPERATIONS SESSION 


Chairmen: 


tw 


Director, Blast Furnace Opera- 
and Laughlin Steel Corp., Pitts- 


W. F. Huntley 
tion, Jone: 
burgh, Pa 

FE. K. Miller, Jr., 
Furnace Div., 
Gary, Ind 

Operating Experiences With High Beneficiated 

Burdens: 

Douglas Joyce, General Superintendent, W. P 
Dowhaniuk, Superintendent Blast Furnaces, 
and B. Marsden, Assistant Superintendent 
Blast Furnaces, Algoma Steel Corp. Ltd., Sault 
Ste. Marie, Ont., Canada. (Preprinted) 

New High-Grade lron Ores and Agglomerates 

and Their Effect on Coke Rates: 

John Griffen, Coal and Coke Consultant, 
burgh, Pa. (Preprinted) 

Burdening a Blast Furnace for Minimum Costs: 

D. R. Bailey, Plant Metallurgist, Pittsburgh Steel 
Co., Monessen, Pa. (Preprinted) 

A Comparison of Blast Furnace 

With Model Studies: 

J. B. Wagstaff, Phy 
Kearny, New Jersey 
Assistant Manager 
Wheeling Steel Corp., 
(Preprinted) 


Assistant Superintendent, Blast 
Gary Works, U. S. Steel Corp., 


Pitts- 


Penetration 


icist, U. S. Steel Corp., 
and W. H. Holman, 
Steubenville Works, 

Steubenville, Ohio 


LUNCHEON 
Tuesday, April 10 
12:30 pm—Parlors A, 8, C, D 


Jusiness Meeting, 
Raw Material: 


Blast 
Com- 


Luncheon and 
Coke Oven, and 


Annual 
Furnace 
mittee 
W. E. Marshall, Chairman 

attending the Blast Furnace, Coke 
taw Material ession is invited to 
luncheon and annual business meet 


Everyone 
Oven, and 
attend thi 
ing 


(Tickets $3.50, tips and tax included.) 
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TUESDAY, APRIL 10 


9:30 am to 12:15 pm—Hall of Mirrors 


JOINT SESSION 
DESULPHURIZATION OF HOT METAL 


Chairmen: 

E. C. Sorrells, Division 
Producing Div., Gary Works, U 
Gary, Ind 

W. H. Holman, A 
Works, Wheeling Steel 
Ohio 

1. Application of Theoretical Principles of Desul- 
phurization to Iron and Steelmaking: 

J. F. Elliott, Associate Professor, and John Chip- 
man, Professor, Department of Metallurgy, 
Massachusetts Institute of Technology, Cam- 
bridge, Mas: 

2. Use of Cyanamid in Hot Metal Ladles: 

G. G. Hateh, Director 
ment, Quebec Iron and Titanium Corp., 
Que., Canada 

3. The Desulphurization of Molten Iron: 

J. N. Hornak, Assistant Director, Steel Process- 
ing, Applied Research Laboratory, Fairless 
Works, U. S. Steel Corp., Monroeville, Pa., and 
FE. J. Whittenberger, Chief Development Met- 
allurgist, South Works, U. S. Steel Corp., Chi- 
cago, Ill. (Preprinted) 

4. Carbide Desulphurization: 

D. E. Watkins, General Superintendent, Blast 
Furnaces and Coke Ovens, U. S. Pipe and 
Foundry Co., Birmingham, Ala., and J. R 
McFarland, Supervisor, Technical Sales De- 
partment, Air Reduction Sales Co., Birming- 
ham, Ala. (Preprinted) 


Superintendent, Steel 
S. Steel Corp., 


Corp., Steubenville, 


Research and Develop- 
Sorel, 


9:30 am to 12:15 pm—North Holl 
COAL AND COKE SESSION 


Chairmen: 
F. P. MacNaughton, Manager, Blast 
and Coke Ovens, Ford Motor Co., 

Mich 

J. D. Doherty, Consulting Engineer, Island Creek 
Coal Sales Co., Huntington, W. Va 

1. Pilot Scale Coke Ovens—Development and Op- 
eration: 

John Mitchell, Director of Research, and R. T 
Eddinger, Research Chemical Engineer, East- 
ern Gas and Fuel Associates, Boston, Mass 
(Preprinted. ) 

2. A New Pressure-Recording Eighteen-Inch Test 

Oven: 

R. P. Aikman, Engineer, Research Department, 
Bethlehem Steel Co., Bethlehem, Pa 

3. A Study of Pressure Relationships in Commer- 
cial Ovens: 

D. C, Coleman, Superintendent Coke and Coal 
Chemical Works, and P. J. Farley, Research 
Chemist, Fairless Works, U. S. Steel Corp., 
Morrisville, Pa. (Preprinted) 

4. Low Fuel Rates Obtained With Three-Foot Blast 
Furnace Using Prepared Ores and Coke-Anthra- 
cite Mixtures: 


Furnaces 
Dearborn, 
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istant Manager, Steubenville 


R. C. Buehl, Chief, Ferrous Pyrometallurgy Sec- 
tion, and M. B. Royer, Supervising Extractive 
Metallurgist, U. S. Bureau of Mines, Pitts- 
burgh, Pa. (Preprinted) 


2:00 to 5:00 pm—Pavillon Caprice 


ORE MINING AND DOCK OPERATIONS SESSION 


Chairman: 


James Chisholm, Assistant Superintendent, Blast 
Furnaces, Fairless Works, U. S. Steel Corp., 
Morrisville, Pa. 

Fairless Works Dock Operations: 

Movies presented by R. H. White, Blast Furnace 
Superintendent, Fairless Works, U. S. Steel 
Corp., Morrisville, Pa 

Underground Mining: 

J. S. Westwater, Mine Superintendent, Cleve- 
land-Cliffs Iron Co., Ishpeming, Mich 


Iron Ore Unlimited: 

Movies presented by W. N. Matheson, Vice-Pres- 
ident, Oliver Iron Mining Div., U. S. Steel 
Corp., Duluth, Minn 


2:00 to 5:00 pm—North Hall 


RESEARCH AND DEVELOPMENT ON SINTERING 


SESSION 


Chairmen: 


tw 


J. B. Wagstaff, Physicist, U. S. Steel Corp., 
Kearny, New Jersey 

Michael Tenenbaum, Assistant Superintendent, 
Quality Control Department, Inland Steel Co., 
East Chicago, Ind 

Reaction Zones in the Iron Ore Sintering Process: 

R. D. Burlingame, Weirton Steel Co. Fellow, 
Gust Bitsianes, Associate Professor of Metal- 
lurgy, and T. L. Joseph, Professor of Metal- 
lurgy, University of Minnesota, Minneapolis, 
Minn. (Preprinted) 

Methods of Pilot-Scale Experiments in Sintering: 

T. L. Myron, C. J. Davis, and R. J. Franklin, 
Applied Research Laboratory, Fairless Works, 
U. S. Steel Corp., Monroeville, Pa 

Methods for Increasing the Production Rate of 

Flue Dust Sinter: 

E. C. Rudolphy, General Supervisor, Metals Re- 
search, and E. J. Whittenberger, Chief Devel- 
opment Metallurgist, South Works, U. S. Steel 
Corp., Chicago, Ill. (Preprinted) 

Sintering Iron Ores and Concentrates at Extaca: 

R. L. Bennett, Supervisor, Field Development, 
R. E. Hagen, Development Engineer, and M. V 
Mielke, Superintendent, Extaca Plant, Oliver 


Iron Mining Div., U. S. Steel Corp., Duluth, 
Minn. (Preprinted) 
ANNUAL FELLOWSHIP DINNER 
Tuesday, April 10 
6:30 pm—South Holl 
Reception and Cocktail Party for dinner guests 


7:00 pm—Holl of Mirrors 
Annual Fellowship Dinner 
J. S. Marsh, Assistant Manager of 
Research 
Bethlehem Steel Co., Bethlehem, Pa 
Thomas R. Reid, Director of 
Affairs 
Ford Motor Co., 
“You and the 
Report” 


Toastmaster 


Speaker Civic 
Dearborn, Mich 


Hoover Commission 


1. 


MONDAY, APRIL 9 


10:00 to 10:30 am—Hall of Mirrors 
GENERAL SESSION 
1. Welcoming Remarks: 
H. G. Grim, Vice-President, Heppenstall Co., 
Pittsburgh, Pa., and General Chairman, Na- 
tional Open Hearth Steel Committee, AIME 


2. Announcements and Reports 
10:30 am to 12:15 pm—Hall of Mirrors 
BASIC OPERATIONS SESSION 
Chairmen: 


G. H. Todd, Assistant General Superintendent, 
Armco Steel Corp., Ashland, Ky 

T. D. Hess, Superintendent No. 1 Open Hearth, 
Youngstown Sheet & Tube Co., East Chicago, 
Ind 

1. Observations on European Operations: 

L. R. Berner, Superintendent of Steel Produc- 

tion, Inland Steel Co., East Chicago, Ind 
2. Statistical Quality Control Methods in Open 

Hearth Steelmaking: 

a) A Quality Incentive for Open Hearth Melters 
J. R. Behrman, Staff Assistant, Alan Wood 

Steel Co., Conshohocken, Pa 

b) Statistical Quality Control Methods in Open 
Hearth Production and Their Effect on 
Tonnage 
A. V. Lang, Open Hearth, Youngstown Sheet 

and Tube Co., Youngstown, Ohio 
3. Physical Characteristics and Chemical Analysis 
of Foreign Charge Ores and Their Effect on Open 

Hearth Production: 

W. E. Brandt, Assistant Division Superintendent, 
Steel Production, U. S. Steel Corp., Home- 
stead, Pa 

4. Carbon Removal With Roof Mounted Oxygen 

Jets in Open Hearth Furnaces: 

J. E. Hood, Assistant Superintendent of Open 
Hearths, The Steel Co. of Canada, Ltd., Ham- 
ilton, Ont., Canada 


10:30 am to 12:15 pm—North Hall 
ACID OPERATIONS SESSION 


Chairmen: 

John Dugan, Manager and Chief Metallurgist, 
Roll Div., Ohio Steel Foundry Co., Lima, Ohio 

Earl Vance, General Superintendent, Continental 
Foundry and Machine Div., Blaw-Knox Co., 
Wheeling, W. Va 

1. Use of Natural Gas to Atomize Heavy Oil in the 

Acid Open Hearth: 

R. J. Sherlock, Assistant Works Manager, Union 
Steel Castings Div., Blaw-Knox Co., Pitts- 
burgh, Pa 

2. An Evaluation of Hydrogen Sampling Tech- 
niques for Liquid Steel: 

J. G. Bassett, Research Engineer, J. W. Dough- 
erty, Research Engineer, and G. R. Fitterer. 
Director of Research. Acid Open Hearth Re- 
search Association, Inc., Pittsburgh, Pa 


12:30 pm—Room J 


PHYSICAL CHEMISTRY OF STEELMAKING 
LUNCHEON 


National Open Hearth Steel Conference 


2:00 to 5:00 pm—Holl of Mirrors 
OPERATING METALLURGY SESSION 


Chairmen: 
D. C. Hilty, Research Metallurgist, Electro Met- 
allurgical Co., Niagara Falls, N. Y 
R. D. Hindson, Assistant Chief Metallurgist, The 
Steel Co. of Canada, Ltd., Hamilton, Ont., 
Canada 
1. Report on European Trip: 
C. R. Taylor, Supervising Metallurgist, Armco 
Steel Corp., Middletown, Ohio 
Steels With Low Hydrogen Contents: 
a) Why Low Hydrogen Contents are Desirable 
in Steel 
E. R. Slaughter, Principal Metallurgist, Bat- 
telle Memorial Institute, Columbus, Ohio 
b) Effect of Melting Practice on Hydrogen Con- 
tent of Steel 
Henry Epstein, Research Engineer, Bethle- 
hem Steel Co., Bethlehem, Pa 
c) Methods and Effects of Vacuum Casting Steel 
L. R. Cooper, Assistant Metallurgical Engi- 
neer, Heppenstall Co., Pittsburgh, Pa 
3. Influence of Ingot Thickness on Deep-Drawing 
Steels: 
a) Ingot Thickness and Its Effects on Drawing 
Quality 
J. S. MeNairn, Supervisor Quality Control, 
Steel Div., Ford Motor Co., Dearborn, Mich 
b) Effect of Ingot Thickness on the Quality of 
Rimmed Steel 
W. H. Mayo, Metallurgical Engineer, Process 
Control, U. S. Steel Corp., Pittsburgh, Pa 
Prepared discussion by C. F. Schrader, Assistant 
Superintendent, Quality Control, Inland Steel 
Co., East Chicago, Ind 


2:00 to 5.00 pm—North Hall 


REFRACTORIES AND MASONRY SESSION 


Chairmen: 

M. P. Fedock, Ceramic Engineer, Republic Steel 
Corp., Canton, Ohio 

Martin Theil, Superintendent of Masonry, U. S 
Steel Corp., Youngstown, Ohio 

1. General Use of Basic Refractories in European 

Open Hearth Practice: 

A. H. Sommer, Vice-President and General 
Superintendent, Keystone Steel and Wire Co., 
Peoria, Ill 

Progress on Use of Basic Brick Checkers: 

Lead-off paper by C. G. Benton, Superintendent, 
Open Hearth and Bessemer, Algoma Steel 
Corp., Ltd., Sault Ste. Marie, Ont., Canada 

A. H. Sommer, Vice-President and General 
Superintendent, Keystone Steel and Wire Co., 
Peoria, I] 

3. Practices Affecting Refractories Performance: 

a) Relationship of Furnace Dimensions and Fir 
ing Rates on Furnace and Roof Performance 
W. S. Debenham, Research Associate, U. S 
Steel Corp., Pittsburgh, Pa 
b) A Study of the Factors Affecting Tempera- 
ture Distribution in Open Hearth Roofs 
J. H. Richards, Research Associate, Applied 
Research Laboratory, U. S. Steel Corp., 
Monroeville, Pa 
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Special Roof Brick Trials—Open Discussion: 

B. L. Dorsey, Refractories Engineer, Jones and 
Laughlin Steel Corp Pittsburgh, Pa and 
other 

Bottom Construction and Maintenance: 

a) Lead-off paper by H. M. Kraner, Ceramic 

Engineer, Bethlehem Steel Co., Bethlehem, 
Pa 

G. A. Ferris, Open Hearth Superintendent 
Ford Motor Co., Dearborn, Mich 

b) Gun Placing Taphole 

A. M. Kroner, A 

Open Hearth 
ago, Ind 

6 00 pm—Parlor G 


NATIONAL OPEN HEARTH STEEL 
EXECUTIVE BOARD 


istant Superintendent No. 3 


Inland Steel Co., East Chi- 


TUESDAY, APRIL 10 


9.30 am to 12:15 pm—Pavillon Caprice 
COLD METAL AND BASIC FOUNDRY PRACTICE 
SESSION 


Chairmen: 
H. L. Tear, Superintendent, Open Hearth, Wash- 
burn Wire Co., Phillipsdale, R. I 
D. J. Murphy, Open Hearth Superintendent, 
Scullin Steel Co., St. Louis, Mo 


Desulphurization of Cupola Metal for Use in 

Open Hearth: 

William Webb, Metallurgist, Central Div., 
um Steel Corp., Harrisburg, Pa 


Sari- 


Optimum Operating Conditions and Design for 

Maximum Roof Life: 

L. D. Yager, Open Hearth Superintendent, La- 
clede Steel Co., Alton, Ill 

J. L. Jennings, Open Hearth Superintendent, 
General Steel Castings Corp., Granite City, Ill 


Economics of Use of Pig Lron in Cold Metal Heats: 

G. J. Schwartz, Superintendent, Melted Metal 
Department, American Steel Foundries, Alli- 
ance, Ohio 

C. H. Alexander, Assistant Open Hearth Super- 
intendent, Lukens Steel Co., Coatesville, Pa 


Use of Electronic Direct Reading Analyzers in 

Steelmaking: 

K. P. Campbell, Works Metallurgist, Sheffield 
Steel Corp., Houston, Texa: 


Effective Ladle Deoxidation on Steel Cleanliness: 
C. R. Funk, Metallurgist, American Locomotive 
Co., Latrobe, Pa 


9.30 am to 12:15 pm—Hall of Mirrors 


JOINT SESSION 
DESULPHURIZATION OF HOT METAL 


Chairmen: 

E. C. Sorrells, Division Superintendent, Steel 
Producing Div., Gary Works, U.S. Steel Corp., 
Gary, Ind 

W. H. Holman, Assistant Manager, Steubenville 
Works, Wheeling Steel Corp., Steubenville, 
Ohio 

Application of Theoretical Principles of Desul- 

phurization to Iron and Steelmaking: 

J. F. Elliott, Associate Professor, and John Chip- 
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man, Professor, Department of Metallurgy, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass 
2. Use of Cyanamid in Hot Metal Ladles: 
G. G. Hatch, Director, Research and Develop- 
ment, Quebec Iron and Titanium Corp., Sorel, 
Que., Canada. 


3. The Desulphurization of Molten Iron: 

J. N. Hornak, Assistant Director, Steel Process- 
ing, Applied Research Laboratory, Fairless 
Works, U.S. Steel Corp., Monroeville, Pa., and 
E. J. Whittenberger, Chief Development Met- 
allurgist, South Works, U. S. Steel Corp., 
Chicago, Il 

4. Carbide Desulphurization: 

D. E. Watkins, General Superintendent, Blast 
Furnaces and Coke Ovens, U. S. Pipe and 
Foundry Co., Birmingham, Ala., and J. R. 
McFarland, Supervisor, Technical Sales De- 
partment, Air Reduction Sales Co., Birming- 
ham, Ala 


2:00 to 5:00 pm—Hall of Mirrors 
OPERATING AND COMBUSTION SESSION 


Chairmen: 

F. C. MeGough, Superintendent of Maintenance 
and Construction, Detroit Steel Corp., Ports- 
mouth, Ohio. 

H. V. Flagg, Combustion Engineer, Armco Steel 
Corp., Middletown, Ohio 


Combustion of Liquid Fuel in the Open Hearth 

Furnace: 

H. V. Flagg, Combustion Engineer, Armco Steel 
Corp., Middletown, Ohio 


Open Hearth Continuous Waste Gas Analysis 

and Control: 

F. S. Swaney, Combustion Engineer, Jones and 
Laughlin Steel Corp., Pittsburgh, Pa 


3. Methods of Use and Benefits Derived from Auto- 
matic Reversal: 
L. R. Berner, Superintendent of Steel Produc- 
tion. Inland Steel Co., East Chicago, Ind 


Automatic Steam—Fuel Control Ratio: 
W. H. Kahl, Combustion Engineer, Inland Steel 
Co., East Chicago, Ind 


5. Dual Open Hearth Roof Temperature Control 
Performance and Maintenance: 
R. A. Lambert, Superintendent Steam Efficiency 
and Combustion, Jones and Laughlin Steel 
Pittsburgh, Pa. 


Corp., 


ANNUAL FELLOWSHIP DINNER 
Tuesday, April 10 
6.30 pm—South Hall 
Reception and Cocktail Party for dinner guests 
7:00 pm—Hall of Mirrors 
Annual Fellowship Dinner 


Toastmaster: J. S. Marsh, Assistant Manager of 
Research 
Bethlehem Steel Co., Bethlehem, Pa 


Thomas R. Reid, 
Affairs 

Ford Motor Co., Dearborn, Mich 

You and the Hoover Commission 
Report” 


Speaker Director of Civic 
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Smidth.... 


Rotary Kilns: For sintering, nodulizing, calcining, 
desulphurizing, oxidizing and reducing 


roasting—coolers, precoolers, preheaters, 


S Grinding Mills: Ball mills, tube mills and 


multi-compartment mills—open or 


closed circuit—wet or dry grinding— 


also airswept for grinding and drying. 


Over 1,000 Smidth Rotary Kilns and over 
5,000 Grinding Mills supplied all over the world. 


— a 
-Rotar 
& 
eal 
~ 
Mestergade 33,0 West 42nd Steet + 105 
K,Denmek New York 36,N.¥. 
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ZIRCONIUM -MAGNESIUM MASTER ALLOY 


Both large and small foundries give many reasons 
for preferring TAM Master Alloy. They find 

it readily soluble in production heats of 
magnesium. Recoveries are high. Practically 

no fuming is experienced. And the notch bars 


are easy to handle and store. 


Proved in Use... 


The magnesium product has a refined grain 
structure — gains high strength at elevated 
temperatures, It is free from microporosity or 


microshrinkage and is “cleaner”. 


Approved Users 


Your first order will prove to you that 

TAM Master Alloy is a most economical and 
convenient method to use in introducing 
Zirconium to production heats of magnesium. 


TAM 
PRODUCTS 


TITANIUM ALLOY MFG. DIVISION 
NATIONAL LEAD COMPANY 
Executive and Sales Offices 
L111 Broadway, New York City 
General Offices, Works and Research Laboratories 
Niagara Falls, New York 


Your order or your inquiry will receive prompt attention when addressed to our New York City office. 
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HIGHEST AWARD IN ENGINEERING 


A 


McKee 


ENGINEERING & 
CONSTRUCTION 


Services 


T'S a repeat contract—and no medal or citation could in- 


dicate higher approval of McKee services. 


In a half-century of engineering and construction McKee has 
been awarded over 2600 contracts by discerning businessmen 
who know what they want and where to get it. More than 


two-thirds of these were repeat contracts. 


This willingness of large companies to repeatedly entrust to 
McKee the expenditure of millions of dollars in plant investment 


1S proof of the value of McKee engineering and construction. 


Arthur G. McKee & Company « Engineers and Contractors 
Headquarters: McKee Building e 2300 Chester Avenue e Cleveland |, Ohio 
Offices: New York, N.Y. ©¢ Union, New Jersey ©¢ Washington, D. C. 
British Representatives of Metals Division; Head, Wrightson & Co., Limited 


we 


Canada: Arthur G. McKee & Compony of Canada, Ltd., 372 Bay St., Toronto 
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Carbon Removal with Roof Mounted 
Oxygen Jets in Open Hearth Furnaces 


by J. E. Hood 


for decarburization, introduced by 
means of a water-cooled lance through the root 
of the furnace, was developed by the Steel Co. of 
Wale which holds the patent for the proce The 
Steel Co. of Canada ha 
ygen introduced into the bath by 
through the 
middle door, but 


tried the more conventional 


terms of using ox 
ulin back wall or 
through the 
each time discarded it in 
with other furnaces in the shop. The 
ented by the Steel Co. of Wale could be adopted 


uccessfully in the No. 4 open hearth 


diam pipe ither 
wicket hole of the 
because of interference 


proce pat 


hop without 
decided 
34 furnace and assess it 


any interference o for this reason it wa 
to install a unit on the No 
value 

The lance was used for two furnace roof cam 
pauigns; the first campaign was to establish a sat 
factory pattern for using the oxygen, and the second 
was to asse its value when compared to the normal 
practice, To get what was felt to be a fair compari 
on, oxygen was used on alternate heat and the 
heats where oxygen was used were compared against 


the heats where oxygen was not used 


Equipment Used 
The tests were run on the No. 34 furnace, a 250-ton 
unit having 1000 sq ft of hearth 


295 tons at the time of these tests. It is of basic end 


area and tapping 
construction with main and port roofs of silica brick 

The oxy 
and erected, with slight modification 
the specifications of the Steel Co. of Wales. Essenti 
ally the unit consisted of a 1 in. diam pipe having a 


zen lance and mountings were constructed 


according to 


water-cooled jacket. It was lowered to a desired 
level above the bath through a hole in the 
roof, The unit was mounted just back of the crown 
of the roof over the 


all crane movement over the 


furnace 


middle door in order to cleat 
furnace. Controls for 
operating the lance and regulating and recording 


oxygen flow were mounted on the furnace console 


Conditions for Evaluation of the Oxygen Lance 

As previously mentioned, the first roof campaign 
was run using the oxygen lance to establish a sati 
factory basis for the test comparison, and to iron out 
From 


campaign the following test pat 


any difficulties with the auxiliary equipment 
the results of thi 
tern was evolved 
1) Oxyeen heats were to be melted from 0.70 to 
1.00 pet carbon to allow for propet 
Oxygen use was to start at 0.40 pet carbon 
2) Non-oxyvgen heat 


0.40 and 0.70 pet carbon 


ulfur removal 


were to be melted between 


J E HOOD is with the Stee! Co of Canado Ltd, Hamilton, Ont 
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3) Both types of heats were to be worked as fast 
ubject to considerations of working and 
required, proper slag con- 


as possible 
tapping temperature 
ditions, and roof temperature 

4) During the oxygen blow the furnace was to 
be on normal stack Operating pre ures, and with 
fan air equivalent of 80 million Btu’s per hr approx 

9) Prior to the oxygen blow, the furnace roof 

to be cooled off for 3 to 5 min 
6) Oxygen rate was to be at a maximum figure 


without splashing the roof seriously, increasing a 


allowed 


Method of Working Heats 

inter in this case, wa 
to achieve the desired melt car- 
worked hot, and in both case 
the furnace helper farted making lime addition 
on completion of the flush period in order to achieve 
a CaO/SiO, ratio at melt between 2.7/1 and 3.0/1 


condition 


The charge oxide, adjusted 
for alternate heat 


bon. The furnace wa 


In the case of those heats using oxygen, sufficient 
lime was added with the ore to build the 
to a minimum of 3.0/1 by the time 0.40 carbon wa 


reached, Just prior to 0.40 carbon, final lime and 


lag ratio 


were made to the furnace, the furnace 
lowered to within 


ore addition 
controls set, the oxygen lance wa 
4 to 6 in. of the bath, and the oxygen wa 
Oxygen flow was gradually increased until maxi- 
achieved at about 0.20 carbon. A 
ulfur and manganese was run 
tapped when 

Bath tem- 
enough so the 


turned on 


mum flow wa 
test for phosphoru 
at 0.20 to 0.25 carbon, and the heat wa 
the desired carbon level was reached 
were taken frequently 
melters could judge whether or not fuel was to be 
put on the furnace during the blowing period. Thi 


perature 


Table |. Oxygen and Non-Oxygen Heats in 250- Ton Open Hearth 
Furnace 


Pet Pet 
Carbon Sulfur 
Pet Cu ft 
Tetal Het Pet la 
(a0 Metal Vield Ton Ton Melt dle 
Charged 


la- 
Melt dle 


Table 11. Operating Time on Heats in 250-Ton Open Hearth Furnace 


Tons/ 

ir 
Tap Tens/ 
Tap Heat 


4.948 4861 #8647 1464 1 092 OOST 0041 0.030 
405 «86.16 851 061 0072 0041 0090 
| 
Work Inter Tap 
Melt ing «1 val Tap 
Time Time Time 4 Time 
ir ir ir 
Oxygen 6:02 2:07 8:09 1:42 9:51 0:6 297 
- 


Using a slight modifica 
tion of the technique de 
veloped and patented by 
the Steel Co. of Wales, 
the Steel Co. of Canada 
conducted successful de 
carburization experi 
ments with an oxygen 
jet through the open 
hearth roof. The draw 
ing, after A. J. Kester 
ton, shows the oxygen 
lance in a furnace at the 
Abbey Works of the 
Steel Co. of Wales. (A 
paper on the work in 
South Wales will be pub 
lished in a future issue 
of Journal of Metals.) 


was done in only a few instance Normally fuel 


was restored on the completion of the blow after the 


lance had been retracted 

In the case of those heats not using oxygen, melt 
ing between 0.40 and 0.70 carbon was tried. Simila 
to the oxygen heats, lime additions were commenced 
shortly after the completion of the flushing period 
to achieve a melt CaO/SiO, ratio between 2.7/1 and 
3.0/1. From the melt time the heats were worked 
with ore and lime as fast as bath conditions would 
permit, with the final ore addition being made at 
0.15 to 0.20 carbon. Sufficient lime was added during 
the working period to tap these heats with a mini- 
mum CaQ/Si0O, ratio of 3.0/1 


Results 

Following the predescribed methods for working 
both groups of heats results were obtained, based on 
55 heats using oxygen and 56 heats made without 
oxygen 

This total of 111 heat: 
the roof campaign, excepting those heats made im- 
mediately following the roof repair or other brick 
repairs until the furnace was in normal operating 


comprised all the heats on 


condition, and excepting a few hei which for both 
en and non-oxygen had definite abnormalitie 
attributable to neither 
have caused a definite distortion of the comparison 
The total number of heats on the roof campaign wa 
130. the furnace being taken off for rebuilding at 
that time 
For both groups of heats Table I compare 
percentage of hot metal, yield 


proce and which would 


total 
lime consumption 
fuel consumption, oxygen flow, and carbon and 
ulfur at melt and in the ladle. The ony significant 
differences, apart from the oxygen consumption it- 
elf, are the 
average finish carbon for the ox 

Table II illustrates the pertinent operating data 
for both of heat 
in tap-to-tap time in favor of the oxygen heat 
and it worthy to note 24 min of thi 
aved in the bottom interval. The increase in ton 


lower fuel consumption and lower 
yven heat 
There is a 45 min 


group aving 


time wa 


per hour was 2.27 in favor 
The steel Co. of Canada | atishied with the pro 


fioiency of th 


heat 


method of itilizing oxygen for de 


would use the 


carburization, and on a hop bua 


as was used on the test program 
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| the field of melting and casting of metals in 


vacuum for the purposes of degassing and purifi- 
cation excellent pioneer work was done between 
World War I and II by W. Rohn, who carried out 
the melting and casting of steels and special alloy 
up to 5 ton 


After World 


with capaci- 


in low and medium frequency furnace 
in a vacuum of about 5 mm of mercury 
War Il, high vacuum melting furnace 
ties between 25 kg and 1 ton operating at 10° mm 
of mercury were developed. These furnaces are pri- 
marily used for melting pure iron, copper alloys, 
and high temperature alloy 

In 1935 it was established that a high hydrogen 
content is the cause of flaking during the cooling of 
forgings.” The steel industry endeavored, therefore, 
to reduce the hydrogen content of the molten steel 
by appropriate melting processes, drying of the ad- 
ditions, etc. The successes achieved by these means, 
however, did not furnish a sufficient guarantee that 
flakine 
forgings without a special heat treatment. It was ob- 
hould be made to reduce the 
teel to the required 


could be entirely eliminated from heavy 


vious that an effort 
hydrogen content of the molten 
minimum by vacuum degassing. But it has not been 
possible to construct the 
required for heavy forging ingots of up to 150 tons 
It appeared more practical to dispense with melting 


vacuum melting furnace 


imply to pour into the ladle and/or! 
mold in vacuum. In 1950 experiments were, there- 
fore, initiated at Bochumer Verein in Germany to 
determine whether this was feasible on a commer- 
The following is work 


in vacuum and 


cial scale a report on thi 


There are three methods of steel degassing 

1) Ladle degassing, in which the full tapping 
ladle is exposed to the vacuum 

2) Stream-droplet degassing, i.e., by pouring the 
contents of the tapping ladle into a second 
ladle in vacuum 


A. TIX is the works director and member of the Board of the 
Gussstahlwerk Bochumer Verein AG., Bochum, Germany 


Production-Scale Vacuum Steel Degassing 


by A. Tix 


Curve for "ig accoraing to Mity ang Crofts 


accoraing to Thomas ang Moreou 
a 


os 


é 
tor 
Ai aione 
m Mg 


Stream - Droplet - Degassing vacuum - Jngot - Casting 


Fig. 1—Both stream droplet and vacuum ingot casting tech 
niques have proven successful in producing heavy forgings 
tree from hydrogen flakes 
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Fig. 2—The equilibrium diagram of carbon and aluminum 
with oxygen in iron at 1600°C shows that for steels of more 
than 0.1 pct C deoxidation occurs at pressures indicated 


3) Vacuum ingot casting, in which the ingot 
cast in vacuum 

In the process of ladle degassing, the ladle filled 
with steel and slag is placed in the vacuum chamber, 
which is evacuated. Violent boiling and escape of 
gas from the steel results. When degassing Is 
pleted, the ladle is taken out of the vacuum chamber 
ingots or casting 


com- 


and the steel is cast in alr a 

This method of ladle degassing has only a limited 
range of application, due to the ferrostatic pressure 
of the contents of the ladle.‘ Furthermore, the lower 


layers in the ladle cannot teke part in the surface 
reactions unless the melt is stirred 
A diagram of the stream-droplet process is given 


in the left half of Fig. 1. The empty casting ladle is 
ed in the vacuum chamber before filling. The 
placed on top of the vac- 


dega 
air-tight tapping ladle 1 
uum chamber, the entry to the chamber being sealed 
by a sheet of aluminum which fuses under the action 
of the molten steel. With a pouring rate of about 10 
tons per min the pouring from one ladle into the 
other will result in a drop of temperature of 60°F 
After the vacuum treatment, the contents of the 
econd ladle is then cast in ait 

In vacuum ingot casting (Fig. 1, right), there is 
an ingot mold inside the vacuum chamber. An in- 
ladle, such as is normally used for the 
placed on top of the cover 


termediate 
casting of heavy ingots, | 
and vacuum-sealed. The tapping ladle can also be 
used without any intermediate ladle. If the drop of 
temperature can be disregarded, both of these proc- 
ively to the 


an ad- 


esses can, in principle, be applied succes 
ame melt. This has occasionally proved to be 
vantage. As far as equipment possibilities are con- 
cerned, there is no limit to the size of the ingots to 
be cast. A the mold is full normal atmo 
pheric pressure is restored 


oon a 


Preliminary experiments with a vacuum chambe! 
for a 60-ton ladle using water-jet blowers proved 
the feasibility of the proce A combined pumping 
ystem was later erected by the firm of Leybold 
Suitable drying filters with simple cleaning device 

protect the pumping system from dust. The first plan 


was based on the assumption that the vacuum treat- 


o2 
oos 
| 
= 
% or % 


@ « rorma/ stee! Wi degassed 


Oxygen contents Nitrogen contents 


Fig. 3—Vacuum cast (or degassed) killed steels generally 
show considerably lower oxygen and nitrogen than air cast 
steels 


ment would yield a quantity of gas, which, at 1 atmo 
and room temperature, would be at least equivalent 
to the volume of the molten steel 

A number of advantages and special phenomena 
result from casting in vacuum 

One important advantage is the prevention of oxi- 
dation of the metal stream and of the steel 
It is thus possible to dispense with the processe 
hitherto used in casting at normal atmospheric pres- 
covering the hot top and the use of 
In addition, splashes on 


urface 


ure, such a 
oxygen-repellent agent 
the mold wall are not dangerous as they do not oxi- 
dize 

As the killed, non-degassed steel enters the vac- 
uum the metal stream is split up into tiny droplet 
This dispersal and spinning of the metal droplets 
intensifies the dega The behavior of the 
metal stream depends on the degree of the vacuum, 
on the shape of the nozzle, and on the gas content of 
the steel. Therefore, the operator | 
within very 


proce 


in a position to 


vary the casting condition wide limit 
While a 


casting in air because of oxidation of the 
this factor need not be considered in vacuum casting 


praying metal tream 1 undesirable in 


tream, 


hown that when vacuum-casting 
mold. Thi 
eliminates the well-known danger that the steel may 


Experience ha 
an ingot it is advisable not to coat the 


absorb hydrogen from the coating, which can in- 
crease the hydrogen content of molten steel up to 
100 pet.” The uncoated molds used in vacuum ingot 
casting have a longer life than the coated molds used 
also been revealed that 
in vacuum the escape of gas is particularly violent 
at the mold wall. It has the same repellent effect on 
nonmetallic particles as doe Dross of 
this kind, however, occurs very rarely in vacuum 


in open-air casting. It ha 


the coating 


ingot casting 

The vacuum treatment of ladle and/or mold is 
particularly important for the hot top which, in the 
case of big ingots, often contains considerable quan- 
tities of water. The ordinary drying with gas burn- 
not guarantee a complete extraction of the 
moisture, as drying tests in vacuum have shown 

The possibility of keeping the metal stream and 
the rising surface of the bath under observation 
offers a number of advantages in the casting process 
By varying the pouring and vacuum conditions, for 


ers does 


instance, the observing engineers are able to control 
the casting operation 

Since droplet dispersion exposes a very large sur- 
face of molten metal, effective degassing can be ac- 
complished at relatively high pouring rates, and due 
to the lower gas content of the steel, a high casting 
peed may be maintained. Pouring rates may also be 
kept low without risking the occurrence of inclu- 
tream does not oxidize, and the 
zreatly reduced by the de- 


ions as the metal 
oxygen content is thu 
gassing. But for heavy forging ingots the choice of 
the casting speed ts limited by the fact that if casting 
low, owing to the drop in the steel tempera- 
do not rise easily and ingot 
imperfections may result. On the other hand, too 
rapid casting may Cause boiling of the 
teel at the mold walls, resulting in ingot crack It 
ses bet- 


is too 
ture, oxide inclusion 
exce ive 
is noteworthy that the degassed steel posse 
ter flow properties than non-degassed steel 
The gase in plant experi- 
of hydrogen, 


removed by the pump 
ments contained considerable amount 
carbon monoxide and nitrogen, In a 25-ton ingot 
vacuum cast from chrome molybdenum steel, for 
instance, the following composition was established: 
40 pet CO, 3.8 pet CO, 23.0 pet H,, 33.2 pet N,. The 
ure of the carbon-oxygen equilibrium 
lines 


effect of pre 
in unkilled molten steel 
in Fig. 2.’ The dotted line 
equilibrium with respect to aluminum 


hown by the 
indicate the deoxidation 
The diagram 


Hydrogen Contents in Vacuum Droplet Degassing 


@ rorma/ stee/ degassed sfee/ 


Hydrogen Contents in Vacuum ingot Casting 


ppm @ - Cast open arr Vacuum cast 


Fig. 4 (left) and Fig. 5 (right 
degassing (left) as well as steel cast in a vacuum (right) 


There is a significant reduction in the hydrogen content of molten steel after stream-droplet 
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Fig. 6—Under equilibrium, which can be approached with 
vacuum techniques, hydrogen solubility decreases with the 
pressure square root 


shows that in the case of killed steels with carbon 
contents more than 0.1 pet a release of carbon mon- 
oxide, i.e., an additional deoxidation, occurs at the 
pressures involved here, if the aluminum concentra- 
tion is nat too high 
Apart from these 
monoxide can also arise from the reaction between 


equilibrium problems carbon 


the molten steel and solid oxides or ceramic masses 
For this 
and vacuum-cast steels give clearer indications than 
that con- 


reason analyses for total oxygen of air-cast 


; of pumped-off gases. Fig. 3 show 
occur in the oxygen contents in 


analyse 
siderable difference 
killed steels with the exception of the aluminum- 
killed first steel. The nitrogen contents are also 
clearly shown to be lower in the vacuum treated 
steel (Fig. 3) 

The determination of hydrogen in samples taken 
in molten condition showed very definite results. Use 
was made here of the sampling method developed at 
Krupp’s and the tin-fusing process.” The liquid steel 
amples were taken from a ladle in front of the fur- 
nace or from an uncoated testing mold poured from 
the tapping ladle. In the case of vacuum-cast ingot 
the samples were extracted from the hot top through 


an observation window. It must be stressed that the 


hydrogen value here indicated cannot readily be 
compared with certain other published data on hy- 
drogen contents of molten samples.” Many investi- 
gators have used other sampling techniques or lower 
extraction temperatures. Fig. 4 shows a comparison 
between the hydrogen content of the molten steel 
before and after the stream-droplet degassing, and 
Fig. 5 compares air-cast and vacuum-cast ingots 
from the same heat 

On the average, about 50 pct of the hydrogen con- 
tent was removed by the vacuum treatment. It must 
be borne in mind that in vacuum ingot casting the 
molten steel may have absorbed hydrogen from the 
moisture of the hot top, while the hydrogen content 
in the main part of the ingot used for the forging 
Further progress has been made 
than 2.0 ppm have 


may be still lower 
so that hydrogen contents of less 
already been achieved 

According to Sieverts, the solubility of hydrogen 
in molten steel decreases with the square root of the 
pressure" as shown in Fig. 6. The experimental 
points on Fig. 6 represent total pressure, since the 
partial pressure was not exactly known. In view of 
the short duration of the effect of the vacuum in this 
process it might be feared that the equilibrium 
could not be even approximately achieved. However, 
as shown in Fig. 6, in continuous production with 
stream-droplet degassing or ingot degassing of heavy 
forgings one actually arrives at the order of magni- 
tude of these equilibrium value 

In addition to these degassing processes there is a 
noteworthy evaporization of volatile metals and/or 
oxides which collect in the filter of the pumps. An 
analysis of this filter dust showed 


FeO MnO CaO SiO 
17.9 pet 47.0 pet 0.5 pet 1.1 pet 
Zn Cu Sn Pb 
1.4 pet 2.6 pet 0.2 pet 1.0 pet 


It is evident that manganese, zinc, copper and tin 
(and perhaps other metals, too) have been vapor- 
ized from the molten steel due to their high vapor 
pressure 

Reports on the influence of the vacuum melting on 
the ingot macro-structure have appeared in tech- 
nical publications.” However, in the vacuum casting 


Hydrogen Distribution in Forgings 
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Residual Separation of Oxides 


21- ton Ingots of steel with 0.35 %C 
* Cast open air * Vacuum cast 
Total oa:ide Total oxygen 


S102 mno Feo 


Fig. 7—Vacuum cast steel ingots show a minimum of hydro 
gen segregation, although both vacuum cast and air cast 
ingots show higher concentrations at the core than at the rim 
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Fig. 8—The total quantity of isolated oxides in vacuum 
cast ingots of 0.35 pct carbon steel was only one fourth that 
of air-cast ingots, and manganese oxides were practically 
absent 


| 
| 
| | 


process herein discussed, only slight effects in this 
respect have been ob erved. These might be ex- 
plained by other influences, for instance, by different 
casting temperatures 

No evidence has been found to date that ingot 
segregation of carbon, phosphorus, sulphur, and the 
usual alloying elements is influenced by vacuum 
treatment at pressures around 5 mm. On the othe! 
hand, the oxygen and nitrogen contents of the forg- 
ing ingots, some of which were tested in the cast 
condition and others in the forged condition, were 
definitely lower in the vacuum ingots. No significant 
differences were observed between the top, middle 
and the bottom, or between the rim and the core of 
the ingot. By contrast, the higher gas contents of 
comparable air-cast ingots revealed major differ- 
ences between rim and core and between top and 
butt end 

Of particular interest for forgings is the question 
of the differences in hydrogen content which may 
-section. As a result of the sol- 
ubility drop during solidification a segregation of 
hydrogen must be expected. However, it is difficult 
to measure the extent of such segregation, since a 
noticeable diffusion of the hydrogen does occur. In 
order to check the differences in the hydrogen con- 
tent between air-cast and vacuum-cast ingots, the 
hydrogen content of the solid steel was determined 
Care was taken to ensure that when the sample was 


appear over the cross 


taken no heating above 25°C occurred and that the 
analysis was made immediately thereafter. In this 
case the vacuum fusion method was applied. Fig. 7 
that in the rim of forgings from 0.35 and 0.45 
the hydrogen content in solid con- 
dition had dropped to values below 1 ppm, which 
value approaches the limit of error in this method of 
determination. By contrast, hydrogen concentrations 


show 
pet carbon steel 


in the middle and core of air-cast steel ingots are 


higher. In the core of the middle piece, values of 


3-5 ppm were established, while in vacuum steel 


they were around | ppm. Obviously, during cooling 
the hydrogen has diffused out from the ends of plain 
carbon steel forging 
middle 
air-cast and vacuum-cast steel for 
hrinkholes 


entirely avoided in big forging Sut, so far as the 


Therefore, only curves for the 
ections show up the large difference between 
forging 

The number of micro never be 
gas content is responsible for their occurrence, thei 
Another! 
important phenomenon is the favorable influence of 


teel cast 


number is reduced by vacuum treatment 
the vacuum treatment on the porosity of 
ings in extremely thin sections, as, for instance, the 
blade edges of Francis and Pelton wheel 
13 pet chromium steel. In the case of these steels the 


cause could not le in inadequate deoxidation but 


made of 


only in the hydrogen content. In stream-droplet 


degassing, applied to steel castings, it was possible 
to remove about 50 pct of the hydrogen content and 
to eliminate porosity. The reduction by 4 ppm from 
the level of the initial content results in sufficiently 
low hydrogen content to render harmlé the re 
absorption of hydrogen during the run through the 
mold. Samples taken molten in the open riser of the 
mold showed an average increase of about 4 ppm 
The improvement in the degree of purity achieved 
by vacuum casting was already demonstrated by the 
gen content. As seen in Fig. 8 
isolated residues in 


reduction of the oxy 
the comparison ample 
from vacuum and air-cast 0.35 pet carbon ingots of 
howed that the quantity of the isolated 


ingots was only one 


one heat 
oxides in the vacuum-cast 


Furthermore, 
ilica and alumina contents 


fourth that of the air-cast 


in the 


ingots 
major difference 
occurred and, in the vacuum ingots, manganese Ox- 
ides were practically absent. Similar results were 
obtained in transparent-polishing tests that were 
carried out in the Metallurgical Institute of the 
Technical College in Aachen on samples of the same 
steel (Fig. 9) 

The following plant test 
view to clarifying the very important question as to 
how far the liability to flaking is reduced by the de- 
crease in hydrogen obtained in vacuum ingot cast- 
ing. A number of top and bottom parts of big forg- 
ings, taken from current production, were exposed 
to the air immediately after forging. They were 
tested supersonically over the whole length, and also 
pickled and cut pieces broken to detect any flaky 
cracks. The pieces taken from the vacuum-cast ingots 
showed no flakes, while numerous large flakes were 
revealed in the air-cast ingots 


were carried out with a 


In further comparison tests of metal taken from 
the same heat the vacuum-cast forging was always 
free from flakes, while the normally air-cast forging 
was full of flake The 
21-ton ingots made from 0.45 pet carbon steel which 
were forged to 28 in. diam and exposed to air im- 
mediately after forging. It) hown, therefore, that 
the initial aim was achieved, i.e., to avoid the tend- 
ency to flaking, even in heavy forgings 

In order to characterize the progressive develop- 


ame holds good even for 


ment of the proce reference may be made to a 


number of earlier experiments carried out on rails 
with a tensile strength of 128,000 psi, in comparison 
with more recent results. One part of the melts was 
cast without previous vacuum treatment, the other 
part, after stream-droplet degassing, was cast into 
2-ton ingots in air. The ingot 
rails. One half of the rails were then put into a pit 
and the other half laid out in the open air. All the 
rails in the pit were free of flakes. About 25 pet of 


the air-cooled rails that were from the non-vacuum 


were then rolled to 


treated part of the melts showed numerous flakes 
over the whole length. Only about 5 pet of the au 

cooled rails made from deyassed steel revealed a few 
flake The reduction of the hydrogen content in the 
molten condition from 5.8 to 3.1 ppm had thus 
effected a clear reduction of the lability of flaking, 
but, owing to the rolling and cooling strains, it was 
ufficient to secure complete freedom 


ubsequently possible, by further 


evidently not 
from flakes. It wa 
lowering the pressure during the degassing, to attain 
a hydrogen content of approximately 1.8 ppm and 


Fig. 9—These views of transparent specimens from 21-ton 
ingots show, left, as cast in open air with 0010 pct O, and, 
right, vacuum cast with 0002 pct O,. Composition, pct 
C 035, Mn 063, P 0.030, $ 0023, Si 0038, Cr 0.14 
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Fig. 10-——The elongation and reduction of area are, on the 
average, higher in forgings of vacuum ingots than air-cast 
ingots 


thus complete freedom from flakes in the air-cooled 
rails 

This gradual progre in the rail tests was de- 
scribed in order to demonstrate that, despite the 
good results obtained, caution must still be observed 
when forgings are air-cooled. It is well known that 
liability to flaking is influenced not only by the 
hydrogen content, but also by working, cooling and 
transformation strains.” In some air-hardening steels 
for heavy forgings, this can increase the liability to 
flaking. In air-hardening steel hardening strain 
cracks caused by surface defects may occur. For in- 
stance, air-cooled forgings of Ni-Cr-Mo steel showed 
hardening cracks over the whole length. The fact 
that they were nevertheless free from flakes is evi- 
dence of their particularly low 
after the vacuum ingot degassing. For heavy forg- 
necessary, there- 


hydrogen content 


ings made from these steels it is 
fore, to interrupt the air-cooling of the 
about 300°C and to soft-anneal it. According to the 
above experiences, however, this soft annealing need 
long a time as is necessary 
for normal air-cooled ingots to achieve diffusion of 
the hydrogen in the ferritic condition. After the 
preliminary machining, heat treatment in air or in 
oil can be undertaken. Flakes in the current pro- 
duction of forgings from vacuum ingots have never 


piece at 


not be continued for a 


been found 

The mechanical properties are likely to be influ- 
enced by the vacuum treatment, first, by reducing 
defects and improving purity in connection with the 
hown by the pick- 


content also 


reduction of oxygen values. As is 
high hydrogen 
values. A decrease in elonga- 


ling embrittlement, 
affects the toughness 
tion and contraction may be observed in connection 
with relatively low hydrogen value although no 
change is shown in tensile strength.” For purposes 
of checking the results, a large-scale evaluation was 
carried out of tensile and notched bar impact val- 
ues of radial tests of inductor shafts of Ni-Cr-Mo 
steel. In order to facilitate comparisons between air- 
casting and vacuum-casting, only forgings of similar 
dimensions and of the same kind of steel and melting 
process were used. Fig. 10 shows that on the average 
the elongation and reduction of area values are 
higher in the forgings from vacuum ingots and that 
their range is narrower than in the air-cast ingots 
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No influence was revealed in the notched bar impact 
values 

As no special precautionary measures were taken 
with regard to hydrogen diffu- 


in the inspection test 
it cannot definitely 


ion during sampling and storage, 
be decided whether the established improvement of 
values must be attributed solely to a reduction of 
the hydrogen content or to differences in the degree 
of purity 

In respect to the supersonic recordings in these 
flake-free forgings a definite improvement, as a re- 
ult of the application of the vacuum process, ha 
also been established in qualities of inductor shafts, 
turbine rotors (some of high-temperature high- 
alloyed steels), backing rolls, high pressure casings, 
barrel shafts, rolls, dies, etc. From the outset the 
scrap figures were considerably lower than in the 
case of air-cast ingots. In the course of the applica- 
tion of the vacuum process to the production of still 
it proved necessary to adapt the op- 
teelworks to the special 
Following a 
urprisingly 


heavier ingot 
erational methods in the 
requirements of the vacuum casting 
uccessful termination of these effort 
atisfactory results are now being achie ved 

Since 1952 the production of vacuum steel at the 
Gussstahlwerk Bochumer Verein amounted to some 
25,000 ton for the above mentioned 
forgings from ingots of up to 150 tons In addition, 
ome 1900 tons of high grade steel casting 
made after vacuum treatment 


primarily 


were 
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HE ever-increasing demand for low-sulfur steels, 
together with the continual increase of sulfur in 
raw materials and fuels used in the open-hearth 


furnace creates ceasele problems for both the 
operators and the metallurgist Although a steel 
with a sulfur content as high as 0 300 pet 1 pecified 
for some heats, since it doubles the speed and ease 
with which the steel can be machined into gears, 
pinions, screws, and many other products, it is, 


neverthele necessary that the sulfur concentra- 
tions be maintained at a much lower level in most 
of the ingot tonnage produced. It has been estab- 
lished that a sulfur concentration greater than 0.030 
pet increases the tendency of steel to tear and crack 
during rolling, contributing toward increased condi- 
tioning costs and scrap loss Sulfur also make 
teel dirty and renders it unfit for many applica- 
tions, especially for bearings and aircraft parts. For 
these reuson ulfur is one of the greatest enemies 
of the steelmaker 

In most open-hearth shops, about 60 pet of the 
total charge consists of molten blast-furnace iron, 
and even though the iron may contain only 0.035 
pet sulfur, it can contribute as much as 38 pet of the 
total sulfur input into the furnace. The balance of 
the sulfur comes from the following sources fuel 
22 pet; scrap, 19 pet; limestone, 14 pct: ore, 5 pet 
and other materials, 2 pet. While hot metal com 
prises the major part of the total charge some slag 

flushed out of the furnace during the early part 
of the heat. This flush slag removes about 15 pet 
of the total sulfur that goes to the bath. The remain- 
ing or tap slag removes 32 pct, while 53 pct remain 
in the steel. These figures are averages and vary for 
individual heats and for different open-hearth shop 

Desulfurizin teel in an open-hearth furnace 
under the oxidizing conditions that prevail is not 
an economical operation. Therefore, the solution to 
the problem appears to be to decrease the total 
ilfur input. Since the hot metal is a major sulfur 
contributor, much can be gained by controlling it 
ulfur concentration, although attention must still 
be given to the sulfur content of the fuel, scrap 
limestone, etc 

The normal approach to producing a low-sulfur 
iron is by special burdening of the blast furnace 
Although this practice produces the desired result 
it usually reduces the production rate and increase 
the operating cost. Hence, all recent studies have 
involved an external treatment of the molten iron 
By external treatment is meant that the desulfur 
izing agent is added to the iron during or after 
casting 

It is apparent that the cost of an external de- 
ulfurizing treatment must be le than the cost of 
burdening the blast furnace for sulfur control. There 
is general agreement among open-hearth operator 
that, if the average iron sulfur could be maintained 
at about 0.030 pct, the open-hearth operator could 
consistently and economically produce steel to 0.030 
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pet sulfur. Estimates by various blast-furnace opera- 
tors of the cost of burdening the blast furnace to 
reduce sulfur concentration from 0.050 pet to 0.030 
pet varied from 40 to 60¢ per ton of iron. This, then, 
establishes the maximum cost for externally desul- 
furized iron. However, even though the average 
ulfur in a blast furnace using a lean burden would 
be about 0.050 pet, there would be many casts that 
would finish at 0.030 pet or le These low-sulfur 
casts would not require external treatment, a factor 
which must be considered in cost calculations for 
external desulfurization 

The various ways of desulfurizing iron externally 
can be considered in three classifications 


Desulfurization Due to Composition Change with 
Temperature Drop 

In reporting desulfurization by temperature drop, 
Herty and Gaines’ found that the product of the per- 
centage of manganese times the percentage of sulfur 
in iron was constant at 0.070 at 2450°F. If the product 
of these two element le than 0.070 at the blast 
furnace, no desulfurization will occur; if the product 
is greater than 0.070, desulfurization will occur 
Based on the work of Joseph and Holbrook,” solu- 
bility curves of manganese and sulfur in liquid iron 
as a function of temperature indicate that desulfur 
ization is achieved by the precipitation of manganese 
ulfide under certain conditions when the metal is 
chilled. Trials have shown that, under proper con- 
ditions, a blast-furnace cast of 2.75 pct manganese 
with 0.055 pet sulfur at 2670°F was desulfurized to 
0.021 pet by decreasing the temperature about 400°F 

However, in considering the above method of iron 
desulfurizing, the following must be recognized 

1) The proper ratio of manganese and sulfur in 
the iron must be maintained to achieve desulfuriza 


tion 

2) There are limitations with respect to produc- 
ing very low-sulfur iron 

3) There is a danger of severe skulling of mixers 
and ladle 

4) There could be an adverse effect of the re- 
duced iron temperature on the production rate of 
the open hearth 

For these reasons, this approach does not appear 
to be attractive from a commercial standpoint 


Desulfurization by Reaction Between Liquid 
Desulfurizers and Molten Iron 

Liquid basic slags and all alkalies, whether or not 
they become liquid in contact with molten iron, are 
considered in this group 

Use of Liquid Basic Slags (Other than Alkalies): 
Slags containing 1/3 burnt lime, 1/3 blast-furnace 
lag, and 1/3 fluorspar, when used in a molten state 
in amounts of about 2 pet of the iron treated, are 
effective in desulfurizing iron to very low values 
Lime-alumina slags are also effective desulfurizet 
But these slags have high handling preparation, and 
melting costs; and, at the maximum desulfurizing 
efficiency experienced, the cost of this operation 
exceeds the previously mentioned cost of burdening 
the blast furnace 
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Studies have been made with blast-furnace slag 
as a desulfurizing medium. Although a reduction 
in sulfur was obtained when the lag and metal 
were kept in contact for an extended period of 
time, little or no desulfurization was achieved by 
a rapid mixing of the slag and the metal. Also, it 
was observed that when the iron was poured from 
into the slag, 
the termperature of the metal was reduced approxi- 
mately 100° While the material cost is low, the 
use of blast furnace lag on a commercial basis doe 


not appeal attractive because of the extended period 


great height to promote rapid mixing, 


of tume required to achieve desulfurization, or the 
excessive temperature drop that results when the 
metal is poured into the slag 

Use of Strong Alkalies: Strong alkalies are effec- 
tive desulfurizer Flaked caustic oda (NaOH) 
readily melts in contact with molten iron. Additions 
of caustic to the transfer ladle or at the mixer indi- 
cate that about 7 Ib of caustic soda will remove 
(from 0.035 pet to 0.026 
material is about 444%¢ per Ib 
fo.b. in carload lot Soda ash (Na.CO,), on the 
other hand, which costs about 2¢ per Ib f.o.b., is not 
quite as effective a desulfurizer as caustic soda and 
accordingly must be used in somewhat larger quan- 
required 


about 9 points of sulfur 
pet) The cost of thi 


tities. Even though the increased quantitie 
can offset the lower cost of soda ash, both 
and caustic soda appear attractive from a cost 


oda ash 


standpoint 

Although 
agents, their wide 
for the following reason 1) They are difficult to 
and sur- 


effective desulfurizing 


been precluded 


alkalie are 


acceptance ha 


handle and are corrosive to refractorie 
rounding equipment; 2) workers must be protected 
from personal contact and from the fume 
during desulfurization; and 3) they readily decrease 
they become 


de ve loped 


in efficiency and become ineffective a 
contaminated with acid slags, kish, or blast-furnace 
lag 
Desulfurization by Reaction Between Solid 
Desulfurizers and Molten Iron 


Burnt lime, limestone, calcium carbide, and cal- 
cium cyanamide are but a few of the many solid 
reagent that have been used for desulfurizing 


Some, such as burnt lime, are rela- 
tively cheap (about le per lb), while other uch 
is calcium carbide, are more expensive (about 6 to 


7¢ per Ib) 


molten iron 


Fig. 1—For fluidized injection, the reagent is mixed with 
inert gas in this pneumatic feeder The mixture is conveyed 
to the ladle through a rubber tube 
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These solid reagents to be effective desulfurizers 
require an excessive period of contact time. When 
reagent and iron rapid, their 
been very erratic All 


the mixing of the 
efficiencies have generally 
desulfurization of 
molten iron have consistently demonstrated that 
regardless of where the proce occurs, whether in 
in the transfer 


tation, 


investigations pertaining to the 


the runner or ladle at the cast house 
ladle at the mixer, or at a 
thorough mixing of the desulfurizing agent and 


pecial treating 


liquid iron is essential in achieving effective de- 
ulfurization. Variou have been tried 
Rapid pouring from great heights, though requiring 
a minimum of time, produces erratic results with 
regard to desulfurizing power for some of the rea- 
gents, chiefly because of the variability in obtaining 
intimate contact. On the other hand, mixing the 
reagent and the iron by purging with an inert gas 
of time. These 
ve iron-temperature losses with either 


practice 


requires extended period reasons, 
plus exce 
practice, make these approaches unattractive 

A current practice receiving considerable atten- 
tion is a fluidized-injection technique that has been 
developed for introducing solid desulfurizing rea- 
gents at a considerable depth in the metal. Fig. 1 
hows the type of equipment used. Injection by this 
technique provides both intimate contact and suit- 
able mixing of the desulfurizing reagent and the 
molten iron, as seen in Fig. 2. Following a pre- 
liminary study in an iron foundry using the above 
injection technique with calcium carbide as a de- 
ulfurizing reagent, it was decided that the result 
obtained merited a more thorough investigation. As 
a result, an experimental program was designed to 
evaluate the effects produced by varying the initial 
ulfur content of the iron, the amount of desulfur- 
izing material injected, the metal temperature at 
the start of the desulfurizing treatment, and the 
depth to which the immersion tube was injected 
into the molten iron. These variables were inves- 
tigated for the following material 
bonate (CaCO,), burnt lime (CaO), calcium carbide 
(CaC.), and calcium cyanamide (CaCN.). A sum- 
mary of the data reveals that the desulfurizing 
potential of the fluidized-injector method is strongly 
dependent on the initial level of sulfur in the iron 
being treated and to a lesser extent on the amount 
of desulfurizing material Although the 


calcium car- 


injected 


measured differences for the other two variables 


Fig. 2—The mixture of desulfurizer and inert gas is injected 
below the surface of the metal through a graphite injection 
tube. Vigorous agitation and rapid mixing with iron results 


Table |. Per Cent Sulfur Removed in Desulfurizing” 


Sulfur, Pet 
After Treatment with 


iO Lb Lb 
Sulfur, Pet Desulfurizing Agent Agent 
Before Treatment Agent per Ton per Ton 
0030 ( CoO 0.0038 0 0050 
0 030 00112 
0.030 Cat 0.0125 0.0163 
030 CaCN 0.0148 
0 CaCO 0 00RO0 
yl 0 ‘ 
Cat { 
( CN 
* Fach ave ge pet fur ed f ile eated with CaCO 
CaO Cat puted the data f fou idle the ave 
ge f ! ‘ ile t ted th CaCN puted f t 
jles eact 


appear significant, the uncertainty a ociated with 
quite large and does 
not permit Table I 
shows the extent of the desulfurization of iron a 


ulfur content of 


these measured differences | 
making precise conclusion 


it is affected by varying the initial 
the iron, and the quantity and type of desulfurize: 
used. The study showed that the injection technique 
applicable for the 
desulfurizing reagent and that all, from the eco 
warranted further study 


injection of more than one 
nomical tandpoint, 

With thi 
phase of the investigation covered de ulfurization 
everal plants both at the blast furnace 
cast house and in the transfer ladles after the open 
Although calcium carbide was used 


information as a background, the next 
tudies at 


hearth mixer 
predominantly, burnt lime was also inve tigated 
The studi 
double 
ulfurizing 


covered the use of both a single and a 


lance-injection technique For a given de- 
tation a fair agreement among the sev 
found in regard to the effects of the 


ulfur content of the iron and the amount of 


eral plants wa 
initial 
desulfurizer injected on the predicted final sulfur 
content of the iron. Data from all the plant trial 
were pooled when the same type of desulfurizing 
agent was used, making possible a direct comparison 
between the blast-furnace and the 
ladles trial Table II is a 
data with calcium carbide a 
gent. Also 
this analysis) for estimating the final 
of the iron. The following conclusions can be drawn 
from these data 

1) More 
treated at the blast furnace cast house than can be 
removed from the iron treated in the mixer transfer 
ladle 

2) There i 
blast-furnace and the mixer trials in the relation 
hip of the final sulfur to the initial sulfur content 
of the iron. The coefficient ing thi 
hip indicate that for an incremental increase in the 
initial ulfur will 
be retained in the iron when treated at the mixer 


mixer transfer 
ummary of the pooled 
the desulfurizing rea 
hown are two equations (de rived from 


ulfur content 


ulfur can be removed when iron 1 


an apparent difference between the 


expre relation 


ulfur in the iron, more of thi 


than will be retained when treated at a blast- 


furnace station 

3) A comparison between the two coefficients for 
measuring the relationship between final sulfur and 
injected shows that 
the average effect of the amount of desulfurizer on 
the level of final sulfur in the iron ts the same for 
both desulfurizing stations. The best estimate of the 


relationship of the final sulfur content to the amount 


the amount of calcium carbide 


of calcium carbide injected obtained from the 


average of the two coefficients. Thus for each addi- 
tional pound of calcium carbide injected, one can 
expect to remove between 0.0013 to 0.0018 pet sulfur 
from the iron 

4) There was considerably more variation 1n the 
predicted average final sulfur content for those trials 
conducted at the blast furnace than for imilar sets 
of conditions for ladles treated at the metal mixers 
Essentially this implies that a better estimate of the 
final sulfur can be made when ladles are treated at 
the mixer. This is evident when one considers that 
the mixer data account for 81 pet of the variations 
in final sulfur as compared with 73 pet for those 
ladles treated at the blast furnace cast house 

The two equations derived from the pooled data 
for the blast-furnace and mixer trials were utilized 
in calculating the final sulfur contents for various 
levels of initial sulfur and amounts of calcium carbide 
injected per ton, These calculated estimates are shown 
as a family of curves for various initial sulfur levels 
in Fig. 3. The close agreement of the slopes of all 
the lines illustrates quite clearly the similarity of 
the effects of the injected desulfurizer on the final 
ulfur content. Plant studies, however, have shown 
a vast difference in the desulfurizing efficiency of 
calcium carbide when the treatment was conduc ted 
at the blast-furnace cast house a opposed to the 
transfer ladle at the open-hearth mixe! Although 
there is a gross difference in the iron-temperature 
level between these two stations, the data in no way 
indicate that the difference in efficiency is due to 
temperature alone. The results, Fig. 4, show that the 
injection technique, with calcium carbide as a de 
ulfurizing reagent, should be conducted as close to 
the blast furnace as possible 

A series of desulfurizing trials with sized burnt 
lime were also conducted at the blast furnace and 
Burnt lime was selected 


relatively low 


at the open-hearth mixer! 
for this phase of the study due to it 
cost and due to the very favorable result: obtained 
initial study. A summary of the data from 
presented in Table III. Also shown 
derived from these 


im the 
these trials } 
are the prediction equation 
data. In comparing the result of the regression 
analvses of these desulfurization trials with burnt 
lime. it can be concluded that the same degree of 
accomplished at the blast furnace 
used, 


desulfurization | 
as at the mixer 
a hown in Fig. 5. This was not the case with 
calcium carbide. There are slight differences in the 
relating to the variations of initial sulfur, 


tation when burnt lime 1} 


coefficient 
amount of burnt lime injected, and final 
tent for the two stations, but in the calculation of 
the average final sulfur from the prediction equa 
tions derived, the difference | 


ulfur con 


close agreement in predicted final sulfur 
illustrated in 


only 3 point 
mum. Thi 
content between the two station i 
Fig. 5, which was developed by using the two equa- 
tions derived from the data 

In the studies with calcium carbide and burnt 
lime discussed thus far, the injection has been con 
ducted with a single lance, and although it wa: 
found that as much as 50 Ib of desulfurizing reagent 
could be injected per minute, the optimum figure 
appeared to be in the range of 30 to 35 Ib. As a 
result. for a ladle containing 60 tons of iron, the 
time for injecting about 7 lb of calcium carbide pet 


] Since it 


ton of iron treated was about 15 minute 
was felt that this time should be shortened as much 
as possible, an investigation wa conducted to deter 
mine the possibility of reducing the injection time 
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by the use of two injection tubes 


of iron were desulfurized with calcium carbide 


using the double-lance practice 


of calcium carbide was injected 


in previous investigations conducted in the mixer 


this particular plant. The comparison of the aver: 
results for the single and double-tube injection 
hown in Table IV. A reduction of 6 minutes, or 3 


pct, in injection time was realized 


the efficiency of the desulfurizing 


appear to be adversely affected 


operation, and 4) (to a limited extent) the rate 


feed of the desulfurizing reagent 
tube 


through any one 


Twenty-six ladles 
by 
The same amount 
in these trial 


of 


of 


Of interest also is the effect that the injection tech- 
nique has on reducing the temperature of the iron 


a 
At the same time, 

reagent did not 
Thus, the treating 
time required for a ladle of iron can be controlled 
by: 1) the number of tons of iron treated at any one 
time, 2) the number of tubs used for the injection 


Treated 


of Ladle 


Number 


by, Rate of Change of 8S; per 
Unit Change in 8 0 6008 * 


0.0016* 


157 
Average Initial Sulfur, pet S 0.033 


Average Fina ilfur, pet Sy 0017 
Average Sulfur Removed, pet 0.016 
Average Amount of CaCy Added 

Lb per Ton of 661 


ladles Treated 
Condition At Blast Furnace 


128 
0 044 
0.022 
0.011 


604 


Kate of Change 


0 0064 04417*0 0736 


73 


pet 


0.0004 


0. 0015* 


81 


Dispersion of Observed Data 
Around Calculated Surface of 
Heat Fit (Prediction Equatior ‘0 0044 +0 0025 


Prediction equations derived from pooled data 
Hiast Furnace pet S 0 0078 0 6008 pet S 
0 0016 (ib Cat to 
Mixer pet Sr 0 0046 0 8417 pet > 


0.0015 (ib Cat to 


Table ti. Comparison of Blast-Furnace Desulfurization with De 
sulfurization after the Hot Metal Mixer, Calcium Carbide Injected 


After Mixer 


0.0004 


during the treatment. The re 


ults of an investiga- 


tion of this relationship are shown in Table V 


only the temperature level, but also the amount and 
in the tem- 


was also 


type of desulfurizing reagent are factor 

perature drop. The iron temperature lo 
determined at one of the plant 
ubsequent trials. The results are 


Regardl of where the iron desulfurization 
conducted, the composition of the slag present 


the iron after an injection treatment varied consid- 
ars, depended on the 


erably. This variation, it appe 


amount of blast-furnace slag and/or kish that 


present on the iron at the start of the desulfurizing 
dd that the resulting 
, and consequently, a 


injection. It was also observe 
lag was a viscous or dry slag 
natural slag-metal separation 


desulfurized iron was poured from the ladle 
mall quantities of the treating 


off with the metal. However, 


was obtained as 


whether or not 


Table II! Comparison of Blast-Furnace Desulfurization to De 


sulfurization after the Hot-Metal Mixer, Burnt Lime Injected 


Condition At Blast Furnace 


N ber of Ladies Treated 

A ge Initial Sulf pet S 
Ave Sulf ts 
Aver ‘ fur} ed, pet 
Ave tof CaO Added 


Unit Change n Ss 0 68 


Around Calculated Surface of 
4 ction Equation), pet 


Prediction equations derived from data 
t Furnace: pet S 0 0087 0 6889 pet S 0 00082 Ib CaO ‘Ton 
Mixer pet S 0.0119 + 0 6682 pet S 0.0012 ib CaO Ton 


0 00082 + 0 00048 


Ladles Treated 


0 21 
029 0.042 
0 021 0 022 
0 008 0.010 
9.0 88 


Rate of Change 


0.0012 


0 0030 +0 0025 


FINAL SULFUR, % 
"940 
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CALCIUM CARBIDE,LB/TON OF IRON 


Fig. 3—Relationship between final sulfur content and 


amount of calcium carbide used for 
mixer desulfurization 
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Fig. 4—Relationship between final 


12 
LB/TON OF IRON 


sulfur and amount of 
burnt lime used for blast-furnace and mixer desulfurization 


during one of the 
hown in Table VI 


Only 
lag were poured 


After Mixer 


9° 0.1121 0 6682+ 0 2324 


0006 


Vas 
on 
= 
Lb per Ton of 
b Rate of Change of S; Per 
Variath ns ccounted nange 
Unit Change in CaO Injection 
b CaCy/I = = iriations in S Ace nunted 
and CaO Ib per Ton, pet a3 69 
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MIXER 
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Fig) 5—Desulfurization efficiency for blast furnace cast 


house and mixer trials 


adverse effect on refractory lining resulted from the 
mall amount of treating slag that was poured into 
the mixer was not determined. This phase of the 
problem will have to wait until a full-scale com- 


mercial trial of iron desulfurization by the injection 
technique is attempted 


To summarize the re: of the studies that were 


ult 


made, the following conclusions can be drawn 

1) A technique has been developed whereby the 
ulfur can be controlled in a simple and efficient 
manner. Of significance is the fact that this control 
can be exercised after the sulfur level in the iron 
has been determined 

2) The injection technique has made it possible 
to obtain rather uniform results by using material 
that, when added to the stream or to the bottom of 


tatement 


Thi 
sulfur 


ult 
specific 


the ladle, produced erratic re 
is made the basis of the 
being investigated 

3) The injection technique ji 
than one In these studie 
burnt lime, calcium cyanamide 


on range 


material four material 
carbonate 


and calcium carbide) were all effectively used 


4) The injection technique does result in a los: 
in iron temperature. The extent of this lo de 
pendent on a) the temperature at which the iron 


applicable to more 


Table IV. Single-Tube and Double-Tube Injection of Calcium 
Carbide to Iron in Transfer Ladies After Hot-Metal Mixer 
Double Tube 


Condition Single Tube 


N fl Treated 81 26 
A t f 0.095 0036 
Ave k t 0.024 0 025 


Initial 


Initial Iron 
Tempera 
ture, °F 


Desulfurizing 


Agent 


per Ton 


Table V. Average Decrease in Iron Temperature for Two Levels of 
Iron Temperature and Amounts of Desulfurizer 


Temperature Drop 
After Treatment with 


Injected 


TO Lb Agent 
per Ten 


ent 


Table VI 


Average Decre 


and Blast Furnace 


Condition 


ase in tron 


Blast Furnace 


Temperature during Mixer 
Studies 


is treated, and b) the amount of desulfurizer in 
jected. The most severe temperature drop resulted 
from using calcium carbonate, since considerable 
heat wa required for calcination of the material 

5) The injection time required can be controlled 
either by controlling the rate of feed through a 
ingle tube or by using multiple injection tubs 
The maximum flow through any one tube, however 
is limited 

6) There is a wide difference in material costs of 
the four desulfurizing reagent In making a selec 
tion, however, considerable thought should be given 


to the 


tandpoint of the iron-temperature 
required to complet 


from the 
the 

7) 
ome 


of 


operatol! 


tandpoint 


operation 
The 
the 


injection 
current 


are encou 


of time 
techniqt 
difficultic 

ntering 


ic 


At 


quantity of material required both from the 


would eliminate 
that blast furnace 
the present time 


materials | 


lo effect, and 


being ex 


considerable variation in rav 
perienced and, as a result, the blast furnace op oh 
erator either overburdens the blast-furnace charge 4) 
to produce this low-sulfur iron, or finds himself in 
a position where frequent corrective measures are 
necessary. Since there is a considerable lag in time 
before the corrective burden measures are effective 
considerable high-sulfur iron generally produced 
8) Last, but not least, the injection technique re 
eliminates the need for a reladling operation to re be 
duce the sulfur level of the iron. As pointed out, it ” 
possible to treat the iron either in the ladle at the 
blast furnace or in the transfer ladle near the mixer 
of the open-hearth furnace 
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ey 
LB CoC, TO REMOVE 1 LBS 
‘. take 
254 CaCO 1062 127.5 
2450 CaO 45.0 #2 5 
20 245 Cat a4 132.5 
255 CaCN 95.0 107.5 
2600 CaCO 132.5 2112 ve 
2600 CaO 1162 145.0 
2600 Cat 63.8 112.5 
2600 CaCN 120 0 05.0 
. 
— — Mixer 
Average Initial Temperature 25340 2:80 
Average Final Temperature, °F 2465 2435 
Average \ Temperature, 65 45 
Average Lb per Tor 8.5 69 Bug 
13 
Material Used CaO Cat 
st 
\ 
| 
+ 
| 
| be 
Average A int of CaC, Injected 
Lb pert fl 7.12 7.40 
Average Injection Time. mi 16 10 
Average Eff ency*, pet 4.03 71.75 
C Hert M firizing Action of Manga 
nese in Iron. Report of Investigations No. 2417 U. 8 Bureau of ; 
M ‘ 1927 
Efficie calculated on ba of 80 pet purity of calcium carbide TL. Joseph and W. F. Holbrook: Desulfurization Studies Report ale | 
of Investigations No. 3240 U. 8 Bureau of Mines (1934 +e 


Review of 


TEEL adsorbs hydrogen in processing, principally 


finishing operations, the reaction of steel with acid 
and the cathodic deposition of hydrogen during plat- 
ing may introduce high concentrations of hydrogen 
into steel. The sources of hydrogen in steel are im- 
portant in the study of hydrogen-induced defects, 
ince certain of these defects are caused by hydrogen 
from steelmaking operations, while other defects 
are usually caused by hydrogen from other sources 

Hydrogen is responsible for four principal types of 
defects in steel. These defects are porosity, flaking, 
hydrogen embrittlement, and delayed brittle frac- 


ture, or static fatigue. However, each of these defects 


is not a problem in every grade of steel. This dis- 
cussion will attempt to describe these four principal 
defects in steel, and to identify the sources of hydro- 
gen which are most likely responsible for them 


Porosity 
Hydrogen is more soluble in liquid steel than in 
solid steel, and it segregates by rejection from the 
olidified steel to the remaining liquid during solidi- 


E.R. SLAUGHTER is with the Battelle Memorial Institute, Colum 
bus, Ohio 


@ A 
Poston 
a Poston 
Normohzed Bors 
Heots 4 


tydrogen Relotive Volumes 


Fig. 1—Ductility, shown by pct area reduction in tensile test 
bers, decreases with increased hydrogen content until a 
minimum point is reached The figure shows the range of 
values for normalized cast carbon steel 
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The Effects of Hydrogen in Steel 


Hydrogen retained in steel may result in important 
detects, particularly in heavy sections of killed 
carbon steels and alloyed steels. 


from the reaction of iron and water vapor. In the 


by E. R. Slaughter 


fication. In fact, hydrogen segregates in steel to a 
greater extent than does any other element. There- 
fore, the last liquid to solidify has the highest hydro- 
gen content. Also, because the solubility of hydrogen 
in steel decreases upon solidification, a portion of the 
hydrogen may be liberated as gaseous hydrogen to 
produce blow-hole type porosity or aggravate cen- 
ter-line shrinkage 

In steel ingots, porosity due to hydrogen is partic- 
ularly troublesome in the high-chromium grades. In 
steel castings, hydrogen can cause porosity regard- 
less of composition 

Flaking 

A very important type of defect caused by hydro- 
gen is known variously as flaking, shatter cracks, 
or hairline cracks. Flakes are ruptures in massive 
steel billets, forgings, or rolled products. Sometimes 
the orientation of the flakes is random, but occasion- 
ally, the flakes are oriented with respect to the sur- 
face of the steel. Flakes are often restricted to cer- 
tain regions of the steel 

It has been shown that the presence of hydrogen 
is a necessary condition for flaking. This hydrogen is 
ordinarily introduced during the steelmaking oper- 
ations. In addition to the presence of hydrogen, ther- 
mal or transformation stresses are necessary condi- 
tions for flakes. For flaking to occur, some stress 
must exist in the steel for a period of time ranging 
from several hours to a day or so, while the steel is 
below 400 F. Hardenability has a large effect on the 
usceptibility of a steel to flaking, and steels with the 
greatest hardenability are the most susceptible 

The most obvious method for the prevention of 
flakes is the elimination or reduction of the hydrogen 
content of the steel. However, the common commer- 
cial practice for the prevention of flakes is a slow- 
cooling cycle. The principal beneficial effect of a 
low-cooling cycle in preventing flakes is due to the 
increase in the temperature of transformation. Com- 
plete transformation of steel at high temperatures 
prevents flakes by forming a structure which is not 
susceptible to flaking. A slow-cooling cycle may also 
eliminate a significant amount of hydrogen by diffu- 
sion from a light section, but a slow-cooling cycle 
does not eliminate a significant amount of hydrogen 
from the interior of heavy sections 

Slow cooling in some cases may be only a tempo- 
rary expedient for preventing flakes. The billet 
which is flake-free due to slow cooling may still con- 
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tain enough hydrogen to cause flakes after a forging 
operation, if the forging is not cooled slowly 


Hydrogen Embrittlement 


Perhaps the most prevalent defect caused by the 


hydrogen in steel is the loss of ductility at low strain 
rates, which is called hydrogen embrittlement. While 
flaking and delayed brittle failure are limited to 
teels having considerable hardenability, hydrogen 
embrittlement may affect all ferritic steels and, to a 
lesser extent, austenitic steels. Hydrogen is unique 
among alloying elements, in that it causes a loss of 
ductility without a corresponding increase in hard- 
ness or strength. The ductility, as indicated by the 
reduction in area or the elongation of the tensile 
specimen, decreases as the hydrogen content in- 
creases until the minimum value of ductility is 
reached, Fig. 1.' This loss of ductility occurs only at 
moderate strain rates; usually the impact resistance 
of steel is not affected by the presence of hydrogen 

Any damage that occurs due to flaking is consid- 
ered to be permanent. In contrast to this, hydrogen 
embrittlement is a temporary defect. Steel which 
has been embrittled by hydrogen can be restored to 
normal ductility by aging at low temperatures to 
eliminate the hydrogen. Hydrogen is lost so rapidly 
from light sections by room-temperature aging, that 
hydrogen introduced during steel making may be 
largely removed before the steel is fabricated or 
placed in service. Even at room temperature, hydro- 
gen diffuses in steel more rapidly than does carbon 
at heat-treating temperatures. Therefore, because of 
this high diffusion rate, hydrogen embrittlement de- 
pends, not only on the hydrogen content at the time 
of solidification, but also on the opportunity for hy- 
drogen removal provided by the aging time prior to 
fabrication or service. Thickness and temperature 
have very important effects upon the rate at which 
hydrogen is lost during aging. Sims, Moore, and Wil- 
liams’ found that aging a 1-in.-square cast steel bat 
for 6 hr at 400°F restored normal ductility, while a 
4-in.-square required more than 100 hr at 400°F to 
restore normal ductility at the center of the section, 
Fig. 2. At room temperature, 60 days of aging was 
required to restore full ductility to the 1-in.-square 
bar, while normal ductility was not restored to the 
4-in.-section by room-temperature aging for more 
than 3% years,’ Fig. 3 

Jecause of the very important influence of section 
ize, it is not likely that hydrogen from steelmaking 
operations would be retained in light sections long 


4° Bors Aged at 400° F 


a Average Valves 


enough to give difficulties during service or fabri- 
cation. Only in massive wrought sections or castings, 
is it likely that hydrogen retained from the steel- 
making operations would cause difficulty with hy- 
drogen embrittlement. In lhght sections, hydrogen 
embrittlement is more apt to be a temporary condi- 
tion following pickling or electroplating operations 


Delayed Brittle Fracture 

For the past several years, the aircraft industry 
has been greatly concerned over delayed brittle frac- 
ture or static fatigue. With the use of steel parts, heat 
treated to more than 180,000 psi ultimate tensile 
strength, brittle failures of these parts were encoun- 
tered. These brittle fractures may occur when the 
parts are subjected to static loads far below the 
yield point for considerable periods of time. Service 
failures have been reported after delay periods of 
everal months. In many instances, test specimens 
machined from the region of these failures have 
hown normal properties when tested in the conven- 
tional tensile test. There is general agreement that 
hydrogen is necessary for these failures to occur, and 
it is also generally agreed that hydrogen from plat- 
ing or pickling operations is the most likely cause 
for these delayed brittle failures. The author’ has 
obtained typical delayed brittle fractures of un- 
notched, high-strength steel specimens at stresses 
which were less than 10 pet of the ultimate tensile 
strength when the specimens were cathodically 
charged with hydrogen while under load. In othe 
experiment pecimens charged with hydrogen sus 
tained static loads for 15 days before failure 

Hydrogen may cause several types of defects in 
steel, and it is never beneficial. It is unique among 
alloying elements in that it reduces ductility without 
any increase in strength. However, in many grade: 
of steel, the usual amounts of hydrogen retained 
from steelmaking operations do not cause any com 
mercially important defects. Hydrogen retained in 
teel from steelmaking operations may cause com 
mercially important defects mainly in killed steels 
which are to be fabricated in heavy sections. The 
tendency for the formation of hydrogen-caused de 
fects has proven to be greater with alloy steels than 
with carbon steel 
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Temperature affects the rate of hydrogen diffusion and hence the time required to restore ductility of steel embrittled by 
hydrogen. Fig. 2 (left)—Aging requires 100 hr on 4-in. bars at 400°F Fig 3 (above)—Aging requires some 3') years on 


4-in. bors at room temperature 
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Low Fuel Rates with 
Coke-Anthracite Mixtures 
In 3-Ft Blast Furnace 


by R. C. Buehl and M. B. Royer 


ITTLE experimental work has been done with 

blast furnaces during the past 25 years. Conse- 
quently, quantitative knowledge concerning the con- 
furnace has not advanced 
period, and much less is 
known about blast furnace operations than other 
Formulas, which have been 
tudies of blast furnace 
to be made of 


dition inside a blast 


ignificantly during thi 


teelmaking processe 
tatistical 
permit accurate calculation 
of raw materials, blowing rate, 
of available 


developed by 
record 
the effect of change 
and blast temperature within the limit 
data. For a new raw material, however, the max!i- 
mum blast temperature that can be employed and, 
therefore, the minimum coke rate obtainable can- 
not be accurately predicted from Little 
is known about the factors that limit the maximum 
usable blast temperature 

Physical tests for determining the strength and 
tability of ore and coke are not related to conditions 
inside of a furnace, but are designed to measure the 
tendency of the material to disintegrate in transit 
and handling. The most desirable ore agglomerate is 
not definitely established even for present furnaces, 
Blast furnaces were 


uch data 


fuels, and methods of operation 
and there 
ideal for smelt- 
Cer- 


developed to use natural ore no reason 
to suppose that the present design 1 
ing mixtures of sized ore and agglomerates 
tainly there is little basis for determining the best 
combination of agglomerated ore, fuel and furnace 
design for future operations. This is unfortunate in 
view of the large capital expenditures that are an- 
ticipated during the next decade for new blast fur- 
nace installations and agglomerating facilities for 
taconite and foreign ore 

If controlled smelting tests for comparison of raw 
materials are carried out in large blast furnaces, tens 
of thousands of tons are required to obtain signifi- 
cant results. The Bureau of Mines experimental 
blast furnace, described below, offers an opportunity 
to conduct actual smelting tests that require only a 
few hundred tons of a given ore or fuel and yield 
results that are indicative of behavior in a large 
furnace. The purpose of the series of tests was to 
learn how the substitution of anthracite for a por- 
tion of the normal coke charge would influence fur- 
nace operations and fuel requirements for several 
types of natural and prepared ores. This work was 
part of a cooperative project between the Bureau of 
Mines and the U. S. Steel Corp. for determining the 
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suitability of an experimental blast furnace as a 
means of evaluating raw materials 


Blast Furnace Design 

An experimental blast furnace with a hearth di- 
ameter of 2 ft 2 in. was constructed at the Bureau 
of Mines, Pittsburgh in 1949 for the recovery of 
manganese from slag.’ Tests of the smelting of nat- 
ural ores and agglomerates were conducted in this 
furnace in 1953-1954 as a cooperative project with 
the U. S. Steel Corp. In these tests’ the fuel rates 
were high. Therefore, in the latter half of 1954 it 
was rebuilt with an enlarged diameter and greater 
height and operated continuously for one year. Fig 
1 is a cross-sectional elevation of the rebuilt fur- 
nace and one of the two pebble stoves. The furnace 
was designed for most efficient operation based upon 
the experience with the previous small one. While 
it conforms to the general lines of an industrial-sized 
It has a 3-ft 
from 


furnace, it is not a scaled-down model 
hearth diameter and a height of 21 ft-4 in 
tuyeres to stock line 

The maximum production rate, for which the fur- 
nace could be built, was determined by the charging 
facilities and stoves, which were the same as for the 
previous furnace. The shaft dimensions were estab- 
lished so that either retention time for the solid 
stock or the gas velocities up the stack could be 
made the same as in an industrial furnace by ad- 
justing the blast rate. It is not feasible to obtain 
comparable conditions for both factors simultane- 
ously with a small furnace of low shaft height. To 
obtain a reasonable stock line diameter for the de- 
ired shaft height and hearth diameter, it was neces- 
sary to build a furnace with a somewhat smaller 
bosh angle and less inwall batter than the corre- 
sponding lines of a modern blast furnace 

The furnace is charged from outside the building 
with a conventional skip. The top is provided with 
3 bells, the upper one of which rotates to avoid 
asymmetrical distribution of the charge in the fur- 
nace. The other 2 bells and hoppers provide the gas 
seal. This arrangement has an advantage over other 
rotating tops such as the McKee top, in that it avoids 
a large rotating gas seal. The furnace is equipped 
with 3 water-cooled copper tuyeres of 1%%4 in. nozzle 
diameter spaced at 120° intervals around the hearth 

The hearth of the furnace is lined with firebrick, 
the bosh and the lower 4 ft of the stack with carbon 
brick. and the remainder of the stack with firebrick 
Heat loss from the stack was decreased by using a 
backing of insulating brick as indicated in Fig. 1 


For ease in cleaning the stack at the termination of 
a campaign, the hearth below the tuyeres 
detachable and was suspended free of 
rods attached to the furnace shell. With 
rangement it was possible to have 


cleaned within a few hours after blowing out 


Raw Materials 


Analyses of the ores and agglomerates 


given in Table I. The size range of the 


was as follows: 40 to 50 pct over "4 in., 
between 14 in. and 10 mesh, and 20 to 30 pet unde 


10 mesh. The fraction under 10 mesh 


blast furnace ore, but the ore is clay-like 


and tends to remain agglomerated 
through the furnace, so that the dust lo 


for such a fine ore. The taconite pellet 
the Erie Mining Co., were mainly between 
14% in. in diameter with about 5 pct minu 
fines which were removed by screening 
charging the blast furnace. The Venezuelan ore 
been screened at *, in. to remove fines prio 
ment. The ore appeared to be too coarse 
the experimental furnace, so it wa put 
crusher set at 2 in. The fines resulting 
crushing were not removed. The sintet 
the Venezuelan ore came from the Edgar 


Works of the U. S. Steel Corp. and wa 
a mixture of Venezuelan ore fines and 
was almost entirely minus 2 in. and wa: 


a vibrating screen with a 10 mesh cloth 
moved 2 to 4 pct fines prior to charging into the 
nace. The screen did not do an efficient job on the 
wet sinter and considerable minus 10 me 


mained in the product 


Proximate analyses of the coke and anthracite are 
hown in Table II The coke wa pure hased to the 


standard size pecification 1 x 1% in 


and the minus 4% in. fines removed prior to charging 

Both egg and stove size anthracite were used and 
are designated as E and S under size in 
The egg size passes through a round te 
3 to 3'4 In. diameter and is retained on a 
2 7/16 in. diameter openings. The stove 


tween 2 7/16 and 1% in. Both sizes were, 
larger than the coke used in the comparison test 


Experimental Work 
Purpose and Procedure: These test 


determine to what extent anthracite-coke mixture 


Table |. Analysis of the Ores and Agglomerates Used 


in Experimental Blast Furnace 


Analysis, Pet 


Fe Mn S10 ALO 
‘ 02 942 2 90 
s ‘ 63.1 84 2.59 
el ‘ “41 027 695 o4 
Venezue Ore 65 022 1.17 134 


Table II. Proximate Analysis (Dry Basis) of Coke and Anthracite 


Used in Experimental! Blast Furnace 


Analysis, Pet 


Vol Fixed 
Matter Carbon Ash 


were satisfactory as a blast furnace fuel and, if po 
ible, to develop means for improving Operation 
with such a fuel mixture. This work is part of a 
larger program for studying blast furnace smelting, 
evaluating various ores and agglomerates, and de- 
veloping an efficient low-shaft blast furnace. From 
tests with a Mesabi ore containing a high percentage 
of fines, it appeared that anthracite would prove 
more satisfactory with an open burden. Conse- 
quently, taconite pellets and a coarse ore-sinter mix- 
ture were tried. As cost considerations that will 
determine the selection of raw materials are greatly 
dependent on the minimum fuel rate obtainable, the 
efforts were directed toward obtaining this informa- 
tion. While it was recognized that the maximum 
production obtainable is also a very important con- 
ideration, the funds available for the program did 
not permit a determination of both the minimum 
fuel rate and maximum blowing rate. The Mesabi 
ore was run at both 800 and 1000 cfm, while for the 
pellets and coarse ore-sinter only 800 cfm was 
blown, because the charging equipment was inade- 
quate for a higher blowing rate when using mate- 
rials requiring only low fuel rate 

For tests in which the proportion of anthracite 
was varied, the fixed carbon contained in the fuel 
charged appears to be a better basis of comparison 
than the weight of fuel. Consequently, the coke 
equivalent is shown in the graphs and tables. Thi 
was calculated as the weight of coke of 91.4 pet 
fixed carbon content which contained the same 
carbon as the anthracite 
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Fig. 1—Cross-sectional sketch of experimental blast furnace 
and one of the two pebble stoves 
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teady operations were achieved, the 


and-a-half-day period during which 
ratio was 1.90 to 2.10 inclusive (Oct 


cling hot and cold. At burden ratio: 


hutdown 


egg-size anthracite were satisfactory 


perature was between 400° and 500 
decreased to le than 300°F after a 


Tests with Taconite Pellets: The progress 
lected period of the smelting operations 
is shown in Fig. 2. Prior to this test period, the fur- 
nace had been operated for two week 


of a 5e- 


on pellets 


Various 


ore agglomerates and coke. The end of this opera- 
tion is shown as the first day and a half on the chart 
Egg-size anthracite was then substituted for 
of the coke, after which the proportion of anthracite 
was raised in 10 pet increments to 40 pct 


10 pet 


After 


burden ratio 
was increased as shown on the chart. For the three- 


burden 


5 to 8), the 
average fuel rate was 1,517 Ib per net ton, equiva- 
lent in coke rate to 1,464. The operations were satis- 
factory up to an ore to fuel ratio of 2.10, but above 
this ratio the silicon and sulfur content of the metal 
were variable, indicating that the furnace was cy- 
of 2.175 and 


2.25, a fuel rate of 1,295 and equivalent coke rate of 
1,250 lb per net ton was obtained. At 2.325 burden 
ratio the furnace operated poorly and the stock col- 


umn became impervious to gas during a transition 
to Venezuelan ore-sinter mixture, necessitating a 


The chart shows that the operations on 40 pct 
fuel rates 
between 1,450 and 1,500 lb per net ton, and the use 
of this proportion of anthracite was in no way detri- 
mental. For a period of three days, from noon of 
October 4 to noon of October 7, the sulfur content of 
most of the casts was near 0.025 pet, which demon- 
trates smooth furnace operations at the low fuel rate 

In a later seri of tests, not included 


Fig. 2, 


operations were succesful on a fuel consisting of 60 
pet anthracite 40 pet coke at a fuel rate down to 
1,427 Ib per net ton, equivalent on a fixed carbon 
content basis to 1,350 lb of coke per net ton 
two days of such operations the average top tem- 

and often 
charge was 


During 


dropped, even though no water was charged and the 
moisture content of none of the raw materials ex- 
ceeded 4 pet. The CO to CO, ratio in the top 
around 1.6. This indicates that, in spite of 


gas was 
the low 


height of the furnace (21 ft, 4 in. working height), 


the heat content and reducing power of the gas were 


efficiently utilized with this charge material 


the proportion of anthracite was increased to 100 pct 
at a fuel rate of 1,465 lb per net ton, equivalent to 
1,335 lb of coke per net ton, the stock hung in the 
This low fuel rate could not be maintained 


furnace 
with 100 pet anthracite. 


anthracite 


ratios 


maintained 
thracite had slightly higher sulfur content than the 
coke 


tained 


Table Il 


a lower 


summarizes the tests 
pellets were smelted with variou: 
The tests are arranged in orde! 
creasing proportion of anthracite at various burden 
They show that at a constant burden ratio 
and blowing rate, the use of 40 to 60 pct anthracite 
resulted in the following advantages for 
furnace overall coke operation 

The average sulfur content of the metal was 
level 


even 


in 


taconite 
proportions 
of 


the 


the 


Metal of satisfactory analysis could be 


at 


ing rate 


lowe! 


temperatures 


with 


(about 
100°F less) even though the fixed carbon content in 
the anthracite was only 83.5 pct compared with 91.4 
for the coke 

Production was highet 
coke mixtures than with all-coke at the same blow- 


anthracite- 


When the fuel consisted of 40 to 60 pct anthracite 
and the remainder coke, good operations were ob- 


tained at fuel rates around 1,450 |b per net ton 


fuel rate is about 100 lb per ton les 
with an all-coke fuel even though the anthracite had 
a lower carbon content than the coke 


than obtained 


The results 


show that a small experimental furnace of low 


height can operate efficiently at low fuel rates when 
obtaining good utilization of the heat and reducing 


power of the furnace gas 


(plus 


% in.) and 50 pct sinter 
Edgar Thomson Works of the U 
progress of this operation is shown in Fig 
of these 


the first 24% days 


entirely 


pct egg-size anthracite 


coke 


proportion 
then increased in steps until the fuel consisted of 40 
After two day 


Tests with Coarse Venezuelan Ore and Sinter: The 
ore burden consisted of 50 pet coarse Venezuelan ore 


obtained from 
S. Steel Corp 


operations, 


of 


During 
the fuel 
anthracite 


of operation 


14 
920 0 iS 0 18 
10-1 24 10 1.4 
10-2 24 25 F 1.8 
10-4-4 12 40 18 
9-17.18 0 19 
11-3 14.5 18 8s 19 
10-4 24 19 
9-19-22 72 0 195 
11-4-4 2.5 40 1 05 
11.198 io 0 20 
105-6 12 1.97 
75 b 20 
11-12 25 100 20 
11-21-22 0 208 
10.7-8 2 2.07 


Feu size anthracite 


(eae analy 


Table Ill. Smelting Taconite Pellets 


Anthra Hurden Katie, 
elte in 
Period Fuel Ore 
Length 
Date Mrs Pet Sine Fuel 


Kate, 
L.b/Ten Hot Metal 


Actual 


1682 
1654 
1697 
1613 
1550 
1475 
1517 
1620 
1544 
1645 
1519 
1502 
1465 
1655 
1521 

1427 
1205 


Coke 
Equiv 


1587 
1682 
1640 
1658 
1556 
1550 
1450 
1465 
1620 
1490 
1645 
1466 
1404 
1335 
1655 
1468 
1350 
1250 
1400 


Blast 
Temp 


oF 


1385 
1350 
1400 
1320 
1305 
1465 
1310 
1355 
1495 
1460 
1550 
1445 
1525 
1600 
1600 
1490 
1575 
1555 


1590 


Stove size anthracite 
Stock colurmmm became impregnable to gas flow, causing shutdown subsequent to data period 
* Stock column hanging —slipped off dropped back to lower burden ratic 
ter not functioning properly 


with Anthracite-Coke Fuel in Experimental Blast Furnace 


Furnace Prod 


Metal 
Tons/ 
Hrs 


12.48 
12.31 
13.13 
12.75 
13.28 


Slag 
Lb/Ton 
Metal 


Slag Basicity, 
Ca0+™MgO 


S10.+ ALO 
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shalt 
rhe 
rhe 
— 
1685 1587 700 1.24 
16485 812 1.18 
1685 845 1.20 
1685 825 123 
1685 822 1.22 
1595 13.32 819 1.16 
1595 14.72 839 1.18 
1595 14.14 832 1.25 
1555 13.04 782 118 
" 1555 15.95 822 1.18 
1515 14.04 701 1.16 
1535 14.22 Bad 1.21 
1515 15.37 1.17 
1515 15 85 875 1.25 
1455 13.88 794 1.18 
1470 14.46 852 1.15 
1450 17.18 836 1.23 
1370 16 60 820 1.30 
1355 15.38 BOK 1.22 


the smaller, stove-size, anthracite was substituted 
for the egg-size and continued until the end of the 
test. The proportion of anthracite was subsequently 
raised to 50 and 60 pct. At this point the operation 
had to be terminated because of leaking tuyeres 
which were cut by metal runback that occurred 
when the air blast to the furnace dropped off sud- 
denly because of a power failure. The test results on 
this ore-sinter mixture are summarized in Table IV 

Tests with Mesabi Ore: The smelting of Oliver 13 
ore with coke and coke-anthracite mixtures has 
been described elsewhere.” Consequently, only a 
ummary of the results will be given in this article 
The operations were carried out at fuel rates of 2,000 
to 2,200 lb per ton of metal obtained with blast tem 
peratures of 1,300 to 1,500°F. The operations were 
successful with anthracite proportions up to 40 pct 
of the fuel, although even 10 pet anthracite resulted 
in more fluctuation in tuyere pressure than obtained 
with coke. When the anthracite 
reached 50 pct, the descent of the furnace charge 
became irregular 


proportion of 


Results 
Comparison of Raw Material: The hot blast sup- 
plies an important fraction of the heat for smelting 


Table III. (Cont) 


Metal Flue Gas 

Dust Analysis Analysis 

Loss Pet Pet 

Lb/Ten 

Metal si co co 
6.0 1.43 057 29.7 i4f 111 
40 1 48 059 of 9 1.25 
5.7 1 68 037 20 ¢ 129 
6.0 167 031 298 1.57 
16 1.52 030 

6.5 1.50 051 1.19 
60 1.2¢ 070 276 1 88 
48 1 028 209 77 
7.0 1 45 073 10 
45 18 052 26.2 f 4 
4.0 0.84 121 29.1 15.6 1.27 
4.0 1.59 031 29.7 7.3 89 
2.7 1.09 057 23.1 15.7 260 
5.0 88 067 24 f 4.24 
7.5 114 297 1.39 
64 051 2.07 
2.3 07 O41 25.5 223 
12.6 20 ORO 213 
99 9 O73 266 f 2.19 


Fig. 2—Graph of operating data and results of smelting taconite pellets with anthracite-coke mixtures in experimental blast furnace 


Percent entwecite © 


and so must be considered in any comparison of fuel 
rates. Fig. 4 shows the variation of fuel rate with 
hot blast temperature for the various combinations 
Low fuel rates at low 


indicate efficient 


of ores and fuels investigated 


or moderate blast temperature 
utilization of the heat and reducing power of the 
stack gases. Consequently, the closer the curves are 
to the lower left-hand corner of the diagram, the 
more efficient are the furnace operations, provided 
the slag volumes are comparable 

melted with coke at a fuel 


a blast temperature 


Taconite pellets were 
rate of 1,550 Ib per net ton for 
of 1,500°F. The corresponding fuel rate for Oliver 
13 ore at 1,500°F blast temperature was 2,130 Ib per 
net ton. The slag rate for the Oliver 13 ore was 
about 1,150 lb per ton against 750 Ib per ton for the 
taconite pellets, and this difference of 400 lb would 
account for about 170 Ib of coke per ton of metal 
according to Flint’'s Multiple Correlation Formula.’ 
The large additional reduction in fuel rate of 410 Ib 
per ton would appear to be due to increased effi- 
ciency in the utilization of heat and reducing power 
of the gas, because of improved distribution of the 
charge in the furnace. For the Erie pellets a further 
aving of 150 |b of fuel per ton was obtained through 
40 to 60 pet of the fuel 

inter mix- 


the use of anthracite a 

The fuel rate for the Venezuelan ore 
above that for the pellets even though the 
appreciately less with the Vene- 


ture 1 
lag volume wa 
zuelan ore mix 

The tests demonstrated that with prepared ore, 
anthracite could supply 60 pet of the fuel require- 
ments of the experimental blast furnace without any 
adverse effect on the operation Tests at higher 
percentages of anthracite were of too short duration 
to be conclusive. A large furnace imposes a more 
evere crushing load and greater abrasion of the fuel 
in the raceway in front of the tuyeres and, therefore, 
it should not be concluded from these tests that so 
high a proportion of anthracite could be used in a 
Anthracite offers attractive possibili 
competitive with purchased coke 


large furnace 
ties if the cost 1 

Anthracite showed advantages over coke in the 
experimental operations. The sulfur content in the 
metal was slightly lower when anthracite was used 
even though the coal contained more sulfur than the 
coke. A saving of fuel of about 100 Ib per ton of 
metal resulted from the use of anthracite as 40 to 60 
pet of the fuel burden, although the anthracite 
had a lower fixed carbon content than the coke (83 
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Burden 
(2.6 
” 
2 


t 

a is > > - ots 


208 
wor new 
101) 


Fig. 3-—-Graph of operating data and results of smelting 50 pct Venezuelan ore-50 pct sinter with anthracite-coke mixture in 
experimental blast furnace 


against 91) and was weaker as judged by the high curve of fuel rate vs. blast temperature that is cal- 


temperature degradation test The anthracite had culated from Flint’s study.‘ The slope of the curve 
a much higher bulk density than the coke (59 for the Oliver 13 ore agrees well with Flint’s corre- 
against 38 lb per cu ft). A charge containing 2 parts lation at blast temperatures above 1,550 F. How- 
of pellets and 1 part of fuel by weight had a bulk ever, the experimental curve is very much steeper 
density of 92 lb per cu ft when anthracite was used for this ore at lower blast temperature. This is also 
as compared with 65 Ib per cu ft for pellets and true for the Erie Mining Co. pellets. In order to ac- 
coke. If anthracite were substituted for coke, the count for such a steep slope by heat balance calcu- 
volume of a round of charge would be only 71 pet of lations, it is necessary to assume that the fuel rate 
that normally charged. At the same burden ratio is limited by thermal requirements in the high 
and blowing rate, the retention time of the charge temperature zone of the hearth and bosh and that 
in any part of the furnace is 41 pet greater with an- the amount of direct reduction in this zone does not 
thracite as the fuel than with coke. The longer re- change significantly with fuel rate. The low slope of 
tention time could result in more complete heating the Mesabi ore curve above 1,550°F means that a 
and reduction of the ore prior to its arrival in the large change in blast temperature and, therefore, 
high temperatuge zone of the bosh. The increase of heat input to the high temperature zone is necessary 
retention time of the ore in the furnace when an- to compensate for a small decrease in coke rate 
thracite replaces coke probably accounts for most of This implies that the thermal requirement for smelt- 
the decrease in_fuel rate. Another important factor ing in the high temperature zone is increasing as the 
is the extent to which carbon dioxide, resulting from fuel rate decreases. From this it appears that more 
the reduction of ore in the stack of the furnace, will unreduced ore reaches the fusion zone per ton of 
react with the fuel to form carbon monoxide. This metal at low coke rates than at high rates for this 
reaction, not only consumes fuel, but also absorbs type of charge; thus, more endothermic direct re- 
heat. During the anthracite tests the top gas con- duction occurs in the hearth. At low fuel rates the 
tained more CO, and less CO than with the coke, volume of gas coming into contact with the ore is 
howing that the reactivity of the fuel may be im- not sufficient to complete the reduction in the shaft. 
portant. These results also suggest that lower fuel Because of poor distribution of solids in the shaft, 
rates might be obtained with a dense coke than one much of the gas passes upward without effectively 
of low bulk density heating or reducing the ore. The minimum fuel rate 

The coke rate data give an insight into gas-solid is dependent on gas-solid contact in the shaft of the 
contact and channeling in the shaft for different furnace. For Mesabi ore, at fuel rates above the 
types of raw materials. Fig. 4 shows the slope of the break in the curve (2,050 lb per ton), the volume of 


Table IV. Smelting Venezuelan Ore-Sinter (50-50 Mix) with Anthracite-Coke Fuel in Experimental Blast Furnace 


Anthra Hurden Ratio, Rate, Furnace Prod Slag Basicity, 


cite in Lb/Ten Hot Metal Hot 


Veritod Fuel Ore Blast Metal Slag 
Length, Coke Temp Tons/ Lb/Toen 
Date Pet Slee Fuel Thee Actual Equiv 24 Mrs Metal ALO 


I 1780 1692 1692 13.33 5 
10-17-19 “2 0 18 1685 1630 1630 1730 14.78 49% 1.17 
10-20 2 20 Eg 18 1685 1695 1665 1670 14.31 85 1.15 
10-21-22 ‘7 “0 Eg 1 1685 1730 1669 1505 13.75 655 1.12 
10-25-24 s 40 8 1.8 1685 1695 1635 1515 14.68 683 1.07 
10-24-25 26 ah 8s 18 1685 1692 1618 1520 14.55 93 1.14 
10-25-26 24 6o* a 18 1685 1729 1639 1475 14.20 720 1.18 


* Forced shutdown at this anthracite burden because of water leak in two tuveres 
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gas is sufficient for satisfact: reduction in spite of 
the waste of a large fraction due to channeling. The 
about 50 pet 
gas produced at the tuyeres per ton of 


which giv bette! 


Oliver 13 ore require more reducing 
Iron than the 
taconite pellet acce of ga 
uniform size 
entially the 


minimized and 


layers because of large 
As the pellets, fuel 


egregation tended to be 


the ore 
and flux were of e 
same size 


what occurred should have little 
hould be very 


effect on resistance 


to gas flow. Gas distribution iniform 


with the pellet charge 
with Commercial and Low-Shaft 
The experimental furnace i 


Comparison 
Blast Furnaces: 


pared to a commercial 


com- 
furnace and the low-shaft 
furnace at Liege, Belgium in Table V. The method 
of tabulation and the results for commercial opera 
tions (Edgar Thomson No l and 2) 
from an article by Hogberg. Data on the 
shaft furnace are article.” The pro 
duction of the 
the capacity of the charging 
believed that a considerably 
be obtained from thi 


were taken 
Liege low 
from Coheur’ 
experimental furnace was limited by 
equipment, and it } 


greater output could 
Even so, the 


mental furnace was run at a much higher 


furnace exper! 
produc 
tion per cu ft of working volume than a commercial 


furnace, a hown in the table, without sacrificing 


the low fuel rate or desirable metal analy 


Heat loss from the high temperature 
that is, hearth, bosh, and tuyere 
nificant than the total heat lo and } 
Table V. The bosh 


for the experimental furnace y 


zone of the 
furnace 
to be 
therefore 


auppe al 
more if 
reported in and tuyere 
losse determined 
by measurement of temperature rise of the cooling 
The hearth lo was e 
urements of 
the heat lo for the 


known O, it Was a 


timated from meas- 


Unfortunately 


water 
urface temperature 
commercial furnace is not 
umed to be the same as for a 
German furnace of similar size on which data have 
The table that the heat lo 

per ton for the experimental furnace (about 1,200 

000 Btu) i the estimated value for 


a commercial furnace. The heat lo was also ex- 


been reported how 


about ten time 
pressed as, that decrease in hot blast temperature for 
which the change in heat content of the hot ast 
would be equal to the heat lo For the tests on 

pet Venezuelan inter and on taconite 
pellets, thi 
perature 


ore-oU pet 
equivalent decrease in hot blast tem- 
to about 680 Ff oO, the blast tem 
heat lo is 930 F for the 
table For 
furnace the correction of blast temperature for 
lo would be about 70 F. The hot blast 


tated for the commercial practice 


umount 
verature corrected foi 


conditions reported in thi a commercial 
heat 
tempera 
tures were not 
ummarized in Table IV but 


1,000 F: so 


Were probably about 


the corrected blast temperatures would 


Table IV. (Cont) 


Metal Flue Gas 
Analysis Analysis 
Pet Pet 


a for large Diast fur 


1 2? 000 


1 400 
HOT BLAST TEMPERATURE, *F 


Fig. 4—-Variation of fuel rate with hot blast temperature for 
the combinations of ores and fuels in experimental blast 
turnace 


those for the 


furnace operating on 


be comparable with 
blast 

Comparison of coke rates for the Bureau of Mine 
and the Edgar both 
working on unprepared Mesabi ore that the 


coke rate 


experimental 
prepared burden 

furnace Thomson furnace 
how 
mall furnace had a considerable his her 


with a higher corrected blast temperature. On the 
other hand, the 


commercial practice on 


mall furnace compared well with 


prepared burden if the 


charge of coarse ore and nodulized fine in comme! 


Clal practice } imed be rough equivalent to 


inter in the small fur 
with 
compared with 100 pet pellet If anything 
that 


coke rate 


10 pet course and 50 pet 


nace, and 95 pet course Mesabi ore intered 
fine 
it would be expected commercial furnace 
hould 
mental furnace, for 
appears that 
feed material that 
1,400 Ib per ton of metal in commercial practice 

The Bureau of Mine 
height of only 21 ft-4 in 


haft furnace 


how a lowe! than the experi 
identical burden From this it 
hould be a 


would lead to a coke rate 


taconite pellet uperiol 


below 
experimental furnace with a 


from the tuyere 


WoOrkKIng 
to stockline is a low imilar in many 
with a corre 
latter 


volume pet 


Belgium 
although the 


working 


Liege 
ponding height of 16 ft-4in 
had considerably Ik 
hearth area. The 

toward the 


way lo the one at 


furnace 
work been 
gerade ores of 
The coke 
rate pel q ft of 
vith the Bureau of 
rating on prepared burdens. The 
been still 
ated to produce a low sul 
0.14 to 0.2 pet 
that, for con 


meiting of low 


ize with small size coke 
rate |} high and the 


! production 
hearth area LOW 


compared 
Mines furnace ope 
coke rat Aepge | lace would have 

had been 
I roduct instead of metal carrying 


ditions in the United Sti it would be 


From these re it appear 
eco 
nomical to operate a low-shaft furnace on a pre 


pared burden rather than direct smelting of low 


which can be con 


aut $14 per net 


vrade ore Considet 


centrated, the saving in igured 


ton) accomplished by charging pellets of concentrate 


instead of fine ore would am nt to about $7 per ton 


metal or $4.70 per f 1] This is consid 


than the t 


erably more concentrating and pel 
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2,400 
20% sinter 
} 100% coke tue 
=z 2.000} { i 
> | a pellets 
€ ev 50% Venezuelan ore (coarse i 
40.60% anthracite tue 
} 040% coke tue 
~ SO% Venezuelan ore are 
1.600} Venezuelan ore fines sinter 
j he fue 
te te pellets 
40 100@ anthracite tue 
6004 he fue 
1,20 2.20 240 
rage 
Dust 
Loss 
Lb/Ton 
Metal si s co co 
14 1 Of 07 9 
5.3 1 06 44 ( 2K 
79 28.9 2 2 69 
12.6 1.04 027 289 12 291 
ore on a larger scale 


Table V. Comparison of Commercial Blast Furnace, Liege Low-Shaft Furnace, and Experimental Furnace 


( oarse 
100 Pet Mesabi 
nprepared Ore and 
Mesabi Neodulized 
Ore Fines 


Liege 
Low Shaft 


95 Pet 
( oarse 


Mesabi 


Pet 

100 Pet ( oarse 
5 Pet nprepared Ore 

Sintered Mesabi 

Fines Ore Sinter 


Fine Lew- 

Grade Ore 

and Small 
Coke 


100 Pet 
Pelletized 
Taconite 


1461 if 2400 
84.600 ) ) 4100 
91 


40 
1.17 
7.14 

O5tol 
014002 


haft 


nece ary to 


The authors believe that. to make a low 
blast 


ul raw 


furnace operate efliciently, it i 


materials of proper and uniform size in 
furnace with 
igned that the de 


uniform mix 


uiltable charging equipment so de- 


cending charge will consist of a 
fuel 
weight pet The ga 
will then 
permitting rapid heating of the 


ture of ore and coke in respect to 


ize a W ui ascending 


through the 
uniform distribution 


furnace have a reasonably 


charge and reduction of the ore. As such rapid heat 


ing and reduction are essential for the operation of 
haft 


more important for 


izing of the ore appeat 
uch a furnace than for a stand 
most of the efforts of 
grout haft blast furnaces 
have been directed to the e of fine unsized ore 
The result that what 
working height than present could 
at production rates pet 


a low furnace good 


ard blast furnace. However) 
variou working on low 


indicate furnace of some 


furnace 


operate efficiently on pellet 
q ft of hearth comparable 
The use of 


anthracite a the 


to a modern furnace 
uch furnaces with a high proportion of 
fuel, might 


when rapid « 


attractive for 
te el 
would 


prove 


emergency period xpansion of 


production is required. Use of anthracite 


eliminate the need for concurrent « xpansion of coke 


oven facilities in direct proportion to the increase in 


iron production. The furnaces could be put into 


operation more rapidly than conventional furnace 


and would require Ik materials for construction 


Conclusions 
1) An experimental blast furnace of 3-ft hearth 
fully for the 
fuel The 
operating characteristics gave a useful insight into 
the factors that control blast 
This research has indicated methods for 
operations that justify 


diameter has been operated succe 


comparison of blast furnace ore and 
furnace performance 
improving 
commercial continuation of 
the program 

2) A coke rate 


a charge of taconite 


of 1550 Ib per net ton of metal for 
that th mate- 
uperior feed for blast furnaces. A charge of 
0 pet Venezuelan ore and 50 pet inter 
had a coke rate slightly higher than for the pellets 
even though the slag volume was lower. Unsized 
Mesabi ore 2000 Ib coke per ton 


indicate 


pe llet 
rialisa 
Coal ‘ 


required about 
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200 to 300 Ib 
imi- 


With the latter ore, the fuel rate wa 
higher than for a large blast furnace 
lar ore 

+) Anthracite coal was satisfactorily 
for coal up to 40 pet of the fuel requirement with 
Mesabi ore and up to 60 pect of the fuel with the 
prepared ore When smelting pellets, the use of 
anthracite for part of the fuel resulted in lower fuel 
1450 Ib per ton, and highet 
rates at constant blowing rate. Sulfur content of the 
anthracite was 
lightly 


melting 


substituted 


rate about production 


omewhat lower when 


the anthracite analyzed 


metal was 
used, even though 
higher in sulfur than the coke 
4) Relations between fuel rate and blast tempet 
together with other operating characteristics 
that much of the chemical and heating 
value of the fuel is wasted through channeling of 
haft when ores of used 
in conventional blast furnace practice 
ult in more efficient utilization of gas but 
advantage to be taken of hot 
the coke rate 


it replaced 


ature 
indicate 


‘fases in the mall size are 


Coarse ore 
not only re 
preater 
to lowe! 


also permit 
blast temperature 

5) The ful operation of this furnace of 21 
ft 4-in height t that 
operation at high production rates and low fuel con- 
umption could be obtained with furnaces substan- 
than present blast furnaces if suitably 
were used. A raw 
irable for efficient smelting in a 
Construction 


ucct 


working sugpee commercial 


tially lowe1 
prepared ore 
materials is de 
low haft 
economie 


hould offset the cost of beneficiating the ore 


uniform size of 


and operating 


horte! 


furnace 


arising from the use of a furnace 
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How High Grade Iron Ores And 
Agglomerates Will Affect Coke Rates 


by John Griffen 


LL indications point to revolutionary change 
the character of the iron-bearing raw m 

which will be made available to the blast 

of the United States during the next fi yeal The 

anticipated shrinkage in the production of 

Superior range 

for hot metal to 

in steel ingot production by 


Lake 
coupled with the increased need 
upport the anticipated increase 
1960, are expected to 
ult in the use of considerable tonnage of much 
gher grade imported ore and the beneficiation of 


ting ore by intering or other agglomerating 
proce 

By 1960 it is probable that Lake Superior ores 
will constitute only about 45 pct of total require 
ment While high-grade imported ore mainly 
from Quebec-Labrador and South America—will be 
30 pet, and pellets from Minnesota taconite and Mich 
igan jasper concentrate 13 pet of 
the total.” Thus, these high-grade raw material 


will, on the average, represent nearly half of those 


will approximate 


used, teel producing areas in the 
northeastern part of the country. It is probable that 
proportion of the finer Mesabi ores will be 


particularly in 


a large 
creened at about %-in. and the fine intered o1 
otherwise agglomerated. By 1960, it is possible that 
one-half the Lake Superior ore 


as much a upply 


or roughly one-quarter of the total supply, will be 
o beneficiated 

Because of the reduction in slag volume resulting 
from these highe 
ates will be reduced and furnace 
nereased. Due to the 
two phases of furnace operation, and the fact that 


grade raw materials, the coke 
output will be 


inter-relationship of these 


the physical qualities of the new raw materials may 
permit higher efficiency because of better gas-solid 
needed to 


contact, much experimentation will be 


develop optimum practice and the most economu 


balance between coke rate and rate of production 


However, enough has already been published on the 


performance of furnace with a number of these 


new raw materials to indicate the minimum im 
provements in coke rate that can be expected. It 
the purpose of this paper to collect and summariz 
the data now available and point to some 

to be 


problem olved to obtain the maximum bene 


fits from these new iron-bearing raw material 


Quebec-Labrador Ore 


In 1955. the Iron Ore Co. of Canada loaded out 
21 million gross tons of ore from its dock at Seven 


and by 1960 shipments may reach 25 million 


Island 


tons annually. Present knowledge on this ore indi 


cate that 
tent are imiliar Mesabi ore 

JOHN GRIFFEN is a consultant on coal and coke, Pittsburgh 
This paper will be presented at the NOHC, April 1956 


and it ilica content about one-half 


plants are re- 
msiderable quantities of this ore. Stra 

ate At Weirton, at the present time, we 
about 40 pet Labrador ore in our blast 
about 54 pet tron 
with Labrador 


of northeastern furnace 


atin esult 

have shown an increased iron 

roduction of about 10 pet with a decrease of almost 
in limestone and over 100 Ib of coke per ton 
above would indicate a reduction in slag 

$30 Ib per ton of iron which would 
per ton 
via 7.5 pet reduction in coke rate With slag 
reduced, probably, to about 800 Ib per ton of 


ation may 


a saving of about 135 Ib of coke 


proper desulfuri become a prob 
relativel low 
adjustment of sla 


rature must be made to obtain the de 


m unle ulfur coke is utilized 


Otherwise composition and tem 
ired sulfur 
Iron 
ed on Weirton’ with about 40 pet 
yrador ore, the use of about 50 pet of this ore and 
hould give 


in iron production and a re 


experience 
0 pet of averape Superior ore 
about 12 pet increase 
duction of 9 pet in coke rate 

Strassburger furthe tate ‘With the result 
obtained fi « use of a proportion of highet 
yrade ore, we are convinced that all of the tron ore 
harged into a blast furnace should be upgraded for 
optimum result He also suggests that the steel 
hould 


rellet Ou 


mlomerate the fine ore into 
to provide materials that will 


ompani 
iter o1 
ive good ga olid contact and still further increase 
flicien und reduce coke rate 

It i probable that hould the 


ting of ome 


4» In. portion of 
half normal Mesabi 
intered, the fur 
oduction and reduction in 

much as that shown 

where the '*% in. has 
a 15 pet increase in iron 


den con 
ore and one-hi Labrador ore be 
ther increase in iron pl! 
would bi 


later for normal Me 


CORE rate 
ntered, 14 ut ast 
production and a 14 | reduction in coke rate 
Venezuela—Orinoco Mining Co 

I} company shipped about 3.4 million gross ton 
1954, and 1955 hould be 
high grade 
basis, and about 


about 7 


auite 


extremely low 
alumina varie 
a ratio is high 

eaboard ha 
ore and 35 pet 


ice analyzing 
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AY 
that of Mesal 
numi 
Celvin 
bu vel 
i Tt ul 
ve 
‘ 
7 by 
ang 
7 
‘ 
pet iron, natural basis.’ Silica 
a varying from 0.4 to 2.3 pet, while ae 
from 1.0 to 1.7 pet The alumina-si ’ 
aryi from 2 to about 
One furnace plant on the 
been operatir on 65 pet Orinoco > 
Peruvian ore which also high-¢gr 
a 


and 1.0 to 1.25 pet alumina 
ite coarse and lumpy, while 
ind dust productior 
A blast 
been po bie With th ore m 


about 400 Ib ! on f iron 


temperature 


volume of 


0.040 pet 


en added to produce a bal} 
and obtain iron ¢ 0 045 
excellent quality phy ically 

vir 7 pet ash and 0.70 pet 

(2.5 pet moisture coKe) 

boar net ton which mean 
effect 


demand of about 1050 Ib 


ton of yroban a reduction ofl 
at of a normal ore 
Under the 
above conditions, daily iron production per furnace 
Wi about 1400 tor Dus to the high al iImina 
ratio in the Orinoco ore, the alumina content of the 

with the 


burden Superior ore 


addition of vravel ha been 
“ pet and dolomite 1 used a flux to 
such 


melting tem 


u like amount of magnesia in the lag 


composition provide satisfactory 


perature and viscosity to promote desulfurization 
These 28-ft diam furnace 


1 averaged from 1880 to nearly 2000 net tons per 


more recently have 
of iron production. A sintering plant will be 
inter the fine It is expected that out 
put will then be maintained at about 2000 net ton 
probable that the 
above coke rate can be maintained or bettered, due 
to better 


erected to 
per furnace per day, and it | 


olid contact 


Pellets From Taconite and Michigan 
Jasper Concentrates 


Substantial quantities of pellets have recently been 


hipped and used in various furnace plants in the 


Unfortunately no 
Probably a 
hipped during 1955, and upward 


of 4 million tons will be 


northeastern part of the country 
performance data have been published 
million tons were 
hipped in 1956 from vari 
hipments are expected to 
1960 

following a the 


ou oures The annual 
reach about 18 million tons by 

Joseph uggests the 
effect of pellet 
the next few eat As in all comparisons of raw 


probable 


on blast furnace pe rformance during 


will depend 
Taconite 


will contain about 62 to 64 pet tron compared 


materials, the improvement with pellet 
upon the quantity of the ore they replace 
pellet 
with about 50 pet iron for the average Lake Superior 
iron ore The substitution of pellets containing 634 
pet iron, 9.0 pet silica and 0.7 pet alumina for one 

half of the ore in a burden composed of 100 pet 
Lake Superior iron ore of average quality would 
reduce slag volume by about 200 Ib per ton of iron 
It assumed that Lake 
quality contains 50 pet tron 


alumina \ 


Superior ore of average 
10 pet silica, and 2 pet 
“uving » 100 Ib per ton of 
iron may accordingly be expected from this reduc 
tion in slag volume. A further saving in coke may 
bn xpected from the better heat 


0 pet of pellets of uniform size in the charge. Im 


nterchange with 
proved reducibility of p llets over the ore and more 
through the 
combined coke aving due to 
hould 


reduction 


iniform gas flow charge will reduce 
olution le I'he 
better heat an r and ie olution lo 
about equal the coke savings due to the 
in slag volume Therefore 

from 160 to 200 Ib, or from 10 to 12 pet, appear 


feasible when one-half of a 100 pet typical 


total coke avings rang 
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Blast Furnace Performance and Practice with Sized and 
Sintered Mesabi Iron Ores (From Dobscha’ Table 5 


Table | 


Difference 


wake ore burden is replaced with pellets containing 


63 pet iron Jecause most burdens contain some 


inter or beneficiated material, the actual saving of 
than thi 

Tonnages will increase for two principal reasons 
when pellets are substituted for Mesabi ore. A de- 
crease in coke rate will automatically result in an 
increase in tonnage if the volume of blast remain 
Secondly, the volume of blast can be in- 
containing pellets will be 


coke may be somewhat le 


constant 
creased because charge 
more perme able to furnace pase In brief, increase 
ranging from 15 to 20 pet and re- 


ranging from 10 to 12 pet 


in daily tonnage 
ductions in coke rate 
may be when pellets of good physical 
quality replace one-half of the ore in a burden of 
100 pet Lake Superior iron ore of average quality 
The alumina content of pellets is low. Joseph’ 
ilica ratio of only 0.08:1 


ore how an 


expects ad 


an alumina 
average Lake 
ratio of 0.2:1. The ore burden of one- 
half Lake Superior average ore 


analysis give 
While hi 
alumina-silica 
half pellet 
would produce a lag 
11 pet alumina. Any increase in the 
pellets would further reduce the alumina in the slag 

Another possible ore 
taining one-third Lake Superior ore, one 
lets, and one-third Quebec-Labrador ore 
compared to a 100 pet 
hould show 


Superior 


and ore 
rather low in alumina, about 
proportion of 


burden would be one con- 
third pel 
Operation 
on such an ore burden, a 
Lake Superior ore of average quality, 
a 10 pet reduction in coke rate and some 15 pet 
increase in production 

The u of Quebec-Labrador ore, with its fairly 
high ratio of alumina to silica, would offset the low 
and help to maintain 
the alumina-silica ratio in slag close to that which 
general with average Lake Superior ore 


alumina-silica ratio in pellet 


has been 


Sinter 


Dobscha stated:* “It has been generally 
nized by blast-furnace men that physical prepara 
tion of the relatively fine Mesabi iron ores would 


be advantageous for furnace operation.” The 


ise of 
intered iron-bearing materials has been increasing 
and it would appear that such use will increase 
more rapidly during the next five years. A report 
published in 1944 by the AISI Technical Committee 

based on data collected from more than 30 furnace 
plant howed that the trend of increasing produc 

tion had nearly flattened out at about 9 pct increase 


— 
ubout } pet he 
ore 
beer hivhe tha 
ibove 1400 F ha “ Nor Pre 
mal pared 
olurne it Ore Ore 
Kur 
Data den den Amount Pet 
il 
u 
ett 24 HO 24 212 
Fiue dust scige b oe t 
if 244 227 7 
u ~ er tor 42 72 
hia Effective bpert 002 178 15.1 
x, Ib pert 007 677 28 
ered met pet 08 07 7 
t ‘ t a 1 04 
jlated b pe t 1.264 206 23.4 
ether 
td. of 84,004 85.651 2047 24 
Blast pressure, 22 2 10.0 
i t ‘ ive 916 5 
lop temperature, 156 123 ‘3 94 
\dded wate b per tor or 92 59 19.1 
high ] 
to be 


at 40 to 50 pct sinter In 1940, “Slater” reported a 


gain of 9 pct in production and a drop of 5 pct in 


due to the test 


Dobscha® and Sundquist have 


recently, 


that increasing benefits of greate! productior and 
reduced coke ates can be obtained from ed ore 
and sinter and from 100 pct sinte! 

Dobscha n 1948 reported the result of a thre 
month test on two identical furnace one of which 
used normal Mesabi ores, while the other was charged 
with a sized ore burden containing 20 pet of sinter 
After one month operation, the burdens were re 


versed. One month was allowed for adjustments and 
was excluded. The test wa 
months operation with reversed burden 


concluded with two 


The sinter was prepared from the ‘% in. Group 


ore and represented about 65 pet of such ore, Group 
3 ore, nominally 6 « in. constituted 50.8 pet, and 
Mesab 
charged. As only 20 pct sinter was used, it must 
fourth of the sinter 
The improved 
therefore, be 


largely ascribed to the use of the large proportion 


Group 7 concentrates 29.2 pet of the ore 
have represented not quite one 
yxroduced from the total Group 3 ore 
obtained must 


furnace operation 


of coarse ore, much in exce of the normal comple 
ment had all the sinter been charged 

The comparative results of this test are shown in 
Table I 


rate Wa 


Production was increased 21.2 pet, net coke 
reduced by 15.3 pet, slag volume reduced 
by 23.4 pet, and casts of off-grade iron were mate 

rially reduced. A heat balance was presented which 
aving of 14.2 pet in the heat required for 
burden. Of thi 


lag volume and 


how a 


the sized and sintered ore aving 
about 44 pet came from the lower 
about 41 pct from the 


dissociation of chemically combined water and the 


lower heat demand for the 


ociation of the total water in 


intered Mesabi ore 


vaporization and d 


the burden containing sized and 


Furnace Operation on 100 Pct Sinter 
Sundquist 
furnace ut Gat 


reports the results of operation of a 

Works on 100 pct sinter for sip 
winter of 1953-1954. The inte! 
plant mix consi ted of 52.5 pet ore fine 1B pet fluc 
dust, and the 
The average result 
together with the result 
of identical design, and the average of all other 
Works on normal ore burdet 


months during the 


remainder wa cale and coke breeze 
obtained are hown In Table Il 


obtained on No. 8 furnace 


basic furnace at Gary 
during the same period of month 


Sundquist draws the following conclusions from 


these ope ration 


ary to provide a long period 


vhen changing the burden to 


of adjustment 


ude a } pe reentaue of 


) High blast temperature were demanded for 
mooth operatior 
4) Lowe vind volume vere required 


There wa i tendency to bul d up or the vall 
equiring periodic cleane! 


h) There was a detinite increase n won produc 


tior CORE ate and lowe! dust 


i) The thermal load of the furnace wa ignmif 


8) When higher percentages of sinter are em 
ployed t extremely important to have 
close control of the intering Operation 
hown by Dobscha® with sized 
ore and fourth the normal complement 
of sintered Mesabi fine and those shown by Sund 
quist’ with 100 pet sintered Mesabi ore are 
that it probably | 


rhe improvement 


about one 


o nearly 
the ame in value not far from 
the truth to assume that the operation obtainable 
with a full complement of sintered x In. fine 
would approximate an average of the two, Le pro 
duction would be increased about 19 pet, and coke 


rate would be reduced about 17.5 pet 


Self-Fluxing Sinter 
No use of self-fluxing sinter in the U.S. has been 
found. but the economic possibilities as developed in 
Sweden and reported by Danielsson” are of interest 
At the Domnarfvet Iron & Steel Works a full elf 
fluxing sinter has been used since 1943, all limestone 
being added in the inter Much experi 
red to develop a “sintet of 


plant 
mentation has been requ 
high quality whict characterized by 1) a high 
degree of oxidation, 2) high mechanical stren th 


Danielsson state Tigerschiold has published data 
on coke consumption for Domnarfvet furnace which 
lowered from about 2100 Ib pet 
net ton in 1934 to 1300 Ib per net ton in 1948, mainly 


how how thi Wi 


because of beneficiation of the raw material Sines 
then, investigation ind experiments have given a 
better understandin of the reactions goings on in 
the furnace. By applying these experience in desigt 


ind operation of the furnace further improvement 
have been made, which have led to a coke consump 
tion of about 1170 Ib per net ton as 4 one-yeat! 
average. and this figure does not seem to repre ent 


a minimum 


Table 


Summary of Blast Furnace Performance and Practice 


Normal Burden 


with 100 Pct Sinter and Normal Burdens From Sundquist’ Table 7) 


Difference of No 1? Furnace te 


Basic Farnaces 


No All Baste 
furnace Neo * furnaces No Parnace Pacept No 
Pet fur buce 


sinter nace No 


Vet Amount Pet 


Amount 
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1) It was not nece 
coke ate when increasin the rite Irom <U ine 
pet On the other hand, he tated that attempts to 2) There wa practically no change in the tem S =e 
charge 90 pet inter and over were Ik ICCE ful.’ perature f the iron produced j ih ‘ 
More made by the US 
Steel 
) 
ta 
ae 
ae 
62 2 29 
q ft he 4 162 111 
4 imme t q ft ‘ 14 
45.59 40.12 4 203 202 


Nodules 


ullternative process to aggiom- 
kiln 


been practiced extensively in 


sintering for 
re fine nodulizing in a rotary 
rhis proce has not 
this country on blast furnace ore burden materials 

Dobscha ults of a month 
identical during 

conducted in the same 


sized Mesabi 


prepared ore 


reported the re four 
comparative test on 


carly 1945. Th test wa 


two 


furnaces 


uu cribed for the test with 
earhet The 


11.9 pet of coarse ‘Group 3 ore, 


re and r, given 
cor ted of 
£1.45 pet of nodulized x In 
26.4 pet of Me 
had 


beloyv 


Group 3 fine ore and 
abi Group 7 concentrates. The nodules 
made in 
that 


lly resulted in a 


bear a cement kiln at a; temperature 


necessary to produce good nodules and 


higher percentage of fines 
product 
rhe comparative results of this test are 


Table IIL The 
a“ hown in Table I for a variety of 


hown in 
improvements obtained are not a 
reasons 


sion of Dobscha’s 
They are 


brought out in the discu 


paper on sized ore and sinter simply in- 


cluded here to complete the record 


Probable Change in Iron Production and Coke Rates 
Due to Improved lron-Bearing Raw Materials By 1960 
By 1960 it i 
ore for the U.S 


probable that the sources of the iron 


will be about as follows 


1,000 
Gross Tons 
63,000 
17,750 
17,000 
20,300 
21,000 


Lake Superior Ores 
Taconite and Michigan Concentrates (Pellets) 
U S—N_ E., Southern and Western 
Imports Canadian 
All Others 


Total 139,050 


ious combinations in which these raw 
used are infinite and the impact 
will 
producing 
following 
allocated to 


used in the south- 


material muy be 
of the and 
largely be felt in the 
Therefore, in 
chedule, the 
that area, although 
ern and we teel producing districts. It is be 
heved thi will not introduce any 
ippreciable error in arriving at the overall figures 
for the United State It i sumed that the 
originating in the northeastern, southern and 

tern districts will be of substantially the same 
quality as in the Further, the improved per- 


materials 
steel 
etting up the 


new ore beneficiated 
northern 

materials are 


new raw 


ome may be 
tern 


implification 


past 


Table ti! 
Nodulized Mesabi Iron Ores (From Dobscha 


Blast Furnace Performance and Practice with Sized and 
Table 5) 


Pre 

pared 

Ore Difference 
Bar 


Data den Amount Pet 


Productior 
Iron, net tons per day 
Flue dust and sludge, ib per ton 
iron 
Consumption 
Net Coke, ib per ton iron 
Effective carbon, |b per ton tror 
Fiux, Ib per ton iron 
Unrecovered metallics, pet 
Slag 
Hatio bases to acids 
Calculated volume 
Practice 
Air blown etd cfm 
Blast pressure, psi 
Biast temperature, 
Top temperature, °F 
Added water, ib per ton tror 


b per ton iror 


formance of the Orinoco-Peruvian ore is assigned 
to only the increase in “Imports—All Others" be- 
yond 1953. With these 
probable allocation of the 1960 ores, 
shown in Table IV, which also show 
the overall changes in iron production and 
rates for the United States 

Table IV indicates that by 1960 the 
new ores will be to reduce coke rates by 
American Iron & Steel Institute that in 
1953 the average coke rate for all furnaces, exclud- 
ing furnaces making ferroalloys, was 1812.6 lb per 
net ton of iron. A 10 pet reduction in coke rate, due 
to iron-bearing raw materials, by 1960 would result 
in a coke rate of 1631 Ib 

The new high-grade iron ores and 
raw materials are going to materially 
volumes, which will create difficulties in obtaining 
the desired control of sulphur in the hot metal. This 
will make the use of low-sulphu coals a 
matter of vital importance in attaining satisfactory 
quality hot metal 


those of considerations, a 


given above, is 
their effect on 
coke 


effect of the 
10 pet. The 
reported 


beneficiated 
reduce slag 


coking 
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Table 1V. Probable Utilization of the Iron Ores Available to Blast Furnaces in U.S in 1960 
and Their Effect on Iron Production and Coke Rate 


Type of Ore 


1 3 Pellets 
Mesabt 


a Wester 


Iron Preduction 


Change ents 
Pet Tetal 
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mal 
Ore 
Ker 
1.400 1,591 19! + 13.6 
1,766 1,624 142 80 
1,181 1,085 4.1 
790 632 158 20.0 
i9 13 06 11.6 
1,100 146 13.3 
86,976 88,768 1792 2.1 
21 22 48 
985 
420 116 4 1.3 
174 137 27.0 
Pet 
453 
128 
122 
146 
18.1 
100.0 
Coke Rate 
Effect 
Ore Sup Change on U.8., 
a ply, Pet Pet Total 
Lake Supe Pellets 14.7 i170 11.0 206 
Lake Labrador 216 12.0 2.59 90 
I ‘ pe Labrador 108 15.0 142 10.0 108 
Fx oO mid Other Imports 72 200 i“ 16.0 1.15 
les ‘ Ove and 
tered 216 19.0 +410 17.5 1.78 
N theaste Southeasterr 122 000 00 »00 
t 7.9 00 0.00 of OO 
Tota 100.0 129 1293 100 10.01 


First-Hand Report On 


Editors Note: The author, who participated in the 
Joint Metallurgical Tour in the summer of 1955, 
was asked to review his impressions of European 
open hearth refractory practice 


N London, a representative from Bilston Works of 

Steward & Lloyds Ltd. read a paper on an all- 
basic furnace which has operated for a considerable 
period of time. This was the only time that furnace 
construction was discussed at the technical sessions 
The author reported on three campaigns covering a 
period of more than four years with 1423 heats, 1107 
heats, and 2205 heats per campaign. The general 
roof construction was of the regular European design 
with only the ribs being suspended and the valleys 
being sprung, p. 444. The total ingot production for 
the 2205 heat campaign was approximately 122,000 
tons which is somewhat more than the 89,000 tons 
which Keystone reported last year for an all basic 
flat suspended roof. The heat size of this furnace is 
only 60 tons; however, the hot metal in the charge 
averaged approximately 60 pet. Operations were at 
the rate of approximately 9 ton per hr indicating a 
heat time of slightly less than 7 hr 

In Germany, by special arrangement, the writer 
was able to visit Mannesmann Hiuttenwerke A. G., 
Duisburg-Huckingen, where two small shops are 
operated. In the No. 2 shop, which is new, the 
furnaces are 150-ton capacity and are at present 
equipped with ilica roof however the steel 
shop is arranged so that they can be converted 
to basic at any time. In No. 1 shop the older furnaces 
are of 85-ton capacity, and both silica and basic roofs 
are being used. They are getting as much as 400 
heats on silica roofs and their best campaign to date 
on all basic construction is 1490 heats. Their furnaces 
likewise are suspended rib and sprung valley, o1 
regular European type, on which they get 900 to 1000 
heats before placing what they call repair block 
between the ribs over the valleys. The furnaces in 
this shop are operating with approximately 25 pet 
hot blown metal at the rate of approximately 11% 
tons per hr indicating a heat time of slightly more 
than 7 hr. The total production on the 1490 heat 
campaign was approximately 127,000 tons or slightly 


A HH. SOMMER is Vice President and General Superintendent, 
Keystone Steel & Wire Co, Peoria, Ill Excerpted from a paper to 
be presented at the NOHC, April 1956 


Use of Basic Refractories In European 


Open Hearth Practice 


by A. H. Sommer 


better than the over-all production for the furnace 
at Bilston. In this shop they are also using complete 
basic ends and have extended basic brick over a 
portion of the checker chamber 

The author compared notes with Dipl Ing. K 
Schermer of the Danish Rolling Mills in Frederik 
vaerk, Denmark where they have in. operation 
European-type basi root on three 115-ton 
capacity all-basic furnace One of their best 
campaigns ran 523 heats with a total production of 
60,100 tons. This may look rather out of line com 
pared to the operations in England and Germany 
however, it is still a reasonable performance because 
the shop is operating with an all cold charge consist 
ing of only 17 pet pig iron with the balance of the 
charge being steel scrap and some coke to supply the 
necessary additional carbon. The average tons pet 
hr tap-to-tap in this shop is 104% with a heat time 
of slightly less than 10 hr. The three basic furnace 
in thi hop have all been built since 1951, and be 
sides being all basic including furnace ends, the en 
tire checker chamber roof and 12 top courses of the 
checker work on one furnace are basic at the pre 
ent time. The maximum firing rate in the Danish 
installation has been reported as approximately 70 
million Btu per hr with an average rate of 57 mil 
lion. The fuel is 100 pet oil 


Brick Specifications 


On the Continent burnt chrome magnesite 
bricks are generally used. No chemically bonded 
bricks were installed for main roof construction 
until the latter part of 1955, but some chemically 
bonded brick have been used in uptake and 
end construction for several yea! In England 
where the writer learned of only two other basic 
roofs being operated besides the Bilston installation 
it seems that they are continuing to work with burnt 
magnesite chrome brick. The general information in 
regard to the English and German installation 
would indicate that somewhat better performance 
has been obtained in Europe with the all-basic main 
roof than has been obtained thus far in the U. S 
The question of better brick should be left to the 
ceramic engineers: however, the writer is inclined to 
believe that some of the difference in performance 
might be due to carefully designed sprung type con 
struction which includes rather high rib 
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OPEN HEARTHS IN EUROPE 


Excluding England and Iron Curtain Countries 


Slag 
Existing Silica Basic Pockets Basic 

Country Furnaces Roots Roots & Fantails Checkers 
Germany 199 107 92 21 25 
France 124 107 17 2 4 
Italy 64 54 10 6 
Yugoslavia 24 24 2 
Austra 24 2 22 17 5 
Sweden As 28 16 9 2 
ke 18 16 2 
Denmark 4 4 3 
Finland 2 2 1 ! 
Gre ece 7 
Holland 10 2 4 ! 
Sear 12 6 6 2 
Turkey 6 2 4 
Total 537 329 208 65 43 
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European Construction 


European basic root construction, as shown above, is only 


40 pct suspended, consisting of the mbs, and the balance or 


60 pct is sprung, forming what is termed valleys. The ribs 


consist of key shaped brick which are approximately 1944 in 


long and 2%, in thick with the top 8 in. being tapered on 


one side These ribs are held up against a rather heavy “T” 


section which is bent to Save the same outside radius as the 


root itself They are held up against the T section by a 


heavy gauge wire which in some cases goes through a hole in 
the top of the brick, and in other cases the mb bricks are 


equipped with lugs under which the wire can be looped as 
shown in the top of figure to the left, The straight side of 


two rib bricks ore set back to back so that a wedged shape 


area is formed above the valley courses to provide for the 


installation of a repaw block approximately 5 in. thick and 


1} in. wide just prior to the time the valley courses burn 


through The valley courses are made up of four rings of 
key brick which are approximately 244 in. thick and 1144 
im long 
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are to be expected 


General Use of Basic Refractories in Europe 


It was possible to obtain a rather complete sur- 
vey of existing open hearth furnace of variou 
types on the Continent, excluding those behind the 
Iron Curtain. For this survey, the author 1s in- 
debted to Mr. Hans Steyrleightner and the Austrian- 
American Magnesite Co. Of particular interest 1 
the use of basic refractories extended to include 
checkers and the present high percentage of basv 
roofs compared to silica roofs, particularly in Ger- 
many and Yugoslavia. A considerable number of 
furnaces in Europe are operating with silica in the 
ends of the furnace even though the roof is all-basi 
(in column 4 of the table only 65 furnaces have 
basic ends compared to 208 with basic roofs). Atten- 
tion should be called to the fact that where basic 
checkers are indicated, only 50 pet or less of the 
entire checker volume is made of basic brick 

Dr. L. Hiitter’s Basic Linings of Slag Pockets and 
Regenerator Chambers in Open Hearth Furnace 
September 1951, has been reviewed several time 
and was translated in 1953 by H. W. Henstchel. Per- 
mission to quote from his paper has been granted, to 
further outline the general trend towards the use of 
basic refractories in open hearth practice on the 
Continent 


“In the light of present day construction tech 
nique, the evolution of the all-basic furnace prop 
er (above floor level) may be considered com 
pleted, since its economy—with only very rare 
exception is no longer in doubt 


The longer campaigns made possible by the all 
basic lining of the furnace proper led to a numbe 
of measure aimed at eliminating shut-down 
caused by necessary repairs of the regeneratiy 

tem. in other words, measures aimed at increa 


ing the service life of the regenerative ystem.’ 


Dr. Hitter indicates that the installation of basi 
ends in Europe was influenced somewhat by the sue 
cess of basic ends in the U. S., although the prime rea 
on for using basic brick in checkers was given as a 
means of balancing checker life with the main root 
He has the following to say in favor of basic checker 


‘By increased heat storage capacity and bette! 
thermal conductivity of the basic checkers, the 
temperature variation during on cycle was de- 
creased from 132°C using silica to 96 C using 


basic refractories 


The refractoriness of basic-checkers offers the 
possibility to work with higher regenerator tem- 
peratures The higher air-exit temperature 
achieved by changing from silica to basic re ulted 
in a decrease of the heat requirement per ton of 
teel from 1.25 million k cal to 1.20 million k cal 
per ton of steel This considerable decrease of 
heat requirement is an important figure on the 
credit side in favor of the economy of the basic- 
checker versus the silica checker used before 


Conclusion 


Based on limited experience in the U.S. and in- 
formation available from Europe, thi writer be- 
heve it can now be concluded that the all-basi 
roof which results in a higher firing rate will defi- 
nitely require a more extended use of basic refrac- 
tories throughout the entire regenerative pertion of 


the furnace if maximum furnace life and economy 


| 
y; 


Fabrication of Thorium Powders 


Consolidation of hydride process, electrolytic, calcium reduced, and comminuted 
thorium powder, as well as saw chips and lathe turnings, by vacuum hot pressing 
and by cold pressing-vacuum sintering was studied. The mechanical properties of 
the consolidated material in the extruded form are compared with those of wrought 


castings. 


by W. W. Beaver, K. G. Wikle, and J. G. Klein 


T present there is little 
thorium metal, although it ha 
though small scale applications in electronic equip- 
ment. Despite its high melting point—about 1750°C 
of elasticity, 11.4x10° psi at 20°C; 
coupled with a 


ome important 


a low modulu 
relatively low mechanical propertie 
high density, 11.7 g per cu cm; and an unusually 
high chemical activity with normal atmospheres 
limit any structural application 
an alloying element prin- 


utility a 


utilized a 
Pure thorium find 
electrodes in gaseous discharge lamps such as the 
high intensity mercury lamp’ because its low work 
ivity provide lowe! 


The metal i 


cipally in magnesium 


function and high electron emi 
tarting potentials and more uniform 


than other available material The 


operating 
characteristic 
metal is also found in photoelectric tubes used fo1 
the measurement of the ultraviolet 
Thorium metal has been used in germicidal lamp 
of the cold cathode type a 
nickel in order to provide a low work function sur- 
Other application 
of thorium 


pectrum 
puttered coatings on 
face and a low starting voltage 
have involved the radioactive properti 
for the production of ionized particle 
The potential value of thorium i 
than its present use pattern because of possible 
utility in the field of nuclear power. Th, may be 


much greater 


converted through nuclear reaction to a fissionable 
element U.., which 

ilarly to U in the 
Thorium ha 


a plentiful a 


hould be capable of acting sim 

generation of atomic power! 
been reported to be about three time 
crust, placing 
it in the order of abundance of lead and molyb- 


denum. Thus, it is of interest in augmenting the 


uranium in the earth’ 


potential supply of fissionable material for nuclear 
powe! 


2 


secause of its high melting point, thorium is usu- 


ally produced as a powder through the calcium re 
duction of it 


by sodium, magnesium, and calcium 


oxide or thermal reduction of halide 
It may also be 
produced in flake form by electrolysis of fused alkali 
and fluorides. Therefore, 

importance in the fab- 


or alkaline earth chloride 
powder metallurgy assume 
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industrial use for 


rication of thorium metal shapes. Furthermore, it Is 
rather difficult to obtain pure thorium by melting, 
as the molten metal reacts readily with graphite as 
well as oxide, carbide, and nitride refractories 
These contaminate the melt with oxides, carbides, 
and metallic impurities.’ 

The current investigation was undertaken to ex 
amine the fabrication of thorium by powder metal- 
lurgy methods which have been used for the com- 
mercial production of beryllium and other metals 
A sparcity of data concerning the comparative cold 
and hot compaction of thorium powders of different 
existed Therefore, all commercially 
were examined along with other 


derivation 
available type 
experimentally produced thorium powders in order 
to round out the comparison of consolidated thorium 
powders with melted reguline metal 


Review of the Literature 


By heating a mixture of ThCl, with potassium, 


2 


ferzelius’ made the first thorium metal as an im 


pure powder in 1828. Improvements in the basi 
process, increasing thorium assay to 99 pct, were 
made by several investigator including Arsem,” 
Lely and Hamberger,” and Von Bolton 

Calcium reduction of ThO, to make powders wa 
investigated by Berger,” Huppertz Kroll,” and 
Kuzel and Wedekind A thorium powder produced 
by this method using a CaCl, fluxing agent assayed 
99.7 pet, as reported by Marden and Rentschler 
Compacted and sintered, thi found to 


be ductile, and could be fabricated into wire and 


product wa 


of the calcium reduction proce 

eliminated 
aying 99.8 
howed that 
ubstitu- 


heet. Improvement 
f were made later’ wherein CaCl, wa 
from the reaction, producing metal a 
pet Th. Further work by Lilliendahl 

a coarser metal could be obtained by the 
tion of ThCl, or ThOC] 
tability to atmospheric reaction 


for oxide with consequent 
advantage of 
teports on the technology of thorium developed 
in Germany during World War II have been made 
by Espe Thorium powder of 99.5 pet Th was ob- 
tained by reduction of the oxide by calcium. Screen 
ing to 200 mesh, compacting with about 20 tsi 
and sintering in vacuo at 1320° to 1360°C for 3 hi 
inter cake. The sinter cake wa 
wire, and 
heet which could be employed as electrode material 


resulted in a porou 


ifficiently ductile to be worked into bar 
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Ge 
ae 
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d pe ently referenced to that ume 
q 


Fig. 2—Diagram 
shows exploded view 
of warm extrusion 
assembly 


The production of thorium powder by electrolysis 


of molten salts of halides was first reported by 
Moissan and Honigschmidt,” as well as by Von 
Wartenberg These investigators deposited flake of 
about 88 pet Th out of a fused mixture of ThCl,, 
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Fig. 1—Relative particle size 
of various types of thorium 
powder are shown as follows 
A, lathe chips; B, comminuted 
chips; C, hydride process pow 
der; D, calcium reduced pow 
der; and E, electrolytic flake 
A, X3; B through €E, X400 
Area reduced approximately 20 
pct for reproduction 


NaCl, and KCl. Higher assay metal was obtained by 
Driggs and Lilliendahl,” whose electrolyte was a 
mixture of equal parts of NaCl and KCl with the 
double fluoride ThF,-KF. A thorium powder-salt 
mixture was deposited on a molybdenum cathode as 
it was slowly raised from the electrolyte 

Additional methods of producing thorium pow- 
ders reported in the literature are by the hydriding 
of metallic thorium chips or turnings” and by forma- 
tion of thorium crystals through thermal dissocia- 
tion of Thl, on a heated wire.” Little information 
has been published on fabrication of thorium by 
powder metallurgy, although Lilliendahl has report- 
intering In 
his reference, thorium powder produced by the cal- 
cium reduction of ThO, was pressed in lubricated 
hardened steel dies at 20 to 50 tsi. To avoid seizing 
of the powder on the dies under axial pressing, the 
thorium is enclosed in a rubber tube hermetically 
ealed, and pressures of about 10 to 15 tsi applied. 
Sintering of these compacts was carried out under 
vacuum, 1x10* mm Hg or better at 1200°C or high- 
er. It was stated that if the compacts were degassed 
in vacuo at 1000°C, the final sintering at 1300°C 
could be performed in argon or helium gas to obtain 
sintered densities of 11.3 to 11.4 g per cu cm, with 
an increase of ThO, of not more than 0.2 pct ove! 
that of the powder. 


ed some data on cold pressing and 


Materials and Procedure 
A number of materials were investi- 
work. These include the following 
aw chips and lathe turning 


Materials 
gated in thi 
thorium castings, 
der attritioned from turning 
perimental hydriding turning 
powder made by the hydride proce 
thorium powder made by reduction of ThO, by cal- 


pow- 
powder made by ex- 
commercial thorium 


commercial 


cium, and electrolytic thorium flake 


Major contaminating elements are shown in Table 


I. In some cases, the analytical data is presented as 
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Table |. Variation of Chemical Impurities in Various Types of Thorium” 


Impurity 


Lathe 


Element Chips Powder 


analyzed for less 0.01 pet, except nits 


Attritioned Hydrided Hydrided Keduced 


Experimental Commercial Calcium 
Electrolytic 


Powder Powder Vowder ake 


less than 0.02 pet 


representative of type rather than an actual analysis 
of material used for this investigation. The major 
impurity, ThO,, was analyzed for each type of pow- 
der, however 

Material Preparation 

1) Cast Thorium—Thorium castings with a 3 in 
diam were extruded to 1.4 in. diam at about 550°C, 
preheat temperature. To provide % in. diam x 1.5 
in. long stock for tensile testing, the 1.4 in. diam rod 
was re-extruded to % in. diam 

2) Chips and Turnings—Saw chips were made by 
cutting cast material with power hack saws. The 
creen analysis in Table II indicates that this mate- 
rial consists mostly of particles in the size range of 

20 +80 mesh. Thorium machines similarly to low 
carbon steels. Lathe turnings were produced with a 
high speed steel tool as rough cuts. The lathe opera- 
tion was carried out without cutting fluid to keep 
the turnings as clean as possible. However, some 
carbon and oxygen increases were noted above the 
cast raw material analysis after subsequent com- 
minution 

Before the chips and turnings were compacted or 
attritioned into powder, they were cleaned to re- 
move oil and surface contamination. This cleaning 
operation was performed by first degreasing with 
CCl, and then leaching in a nitric acid-sodium silico- 
fluoride solution containing one part 70 pet HNO,, 
three parts water, and 0.003 mol sodium silico- 
fluoride. The chips were allowed to remain in this 
cleaning bath for about 5 min, after which they 
were rinsed in alcohol or acetone to facilitate drying 
No appreciable loss of metal was noted unless the 
pieces were especially small and the temperature of 
the cleaning solution was allowed to exceed 40 
to 50°C 

3) Powder by Hydride Process—In making thori- 
um powder by the hydride process, cleaned lathe 
chips were used as feed material. In this method, 
ThH, is produced at between 250° and 285°C and is 
decomposed to the dihydride at 500°C. Finally, the 
dihydride is decomposed at 700°C with the forma- 
tion of thorium powder. A detailed description of 
the thorium hydride process has been given by 
Chiotti and Roger 

A charge of thorium lathe turnings converted to 
powder by the hydride process showed a particle 
size range of 60 pct —35 mesh, with the balance +35 
mesh. The characteristics of 35 mesh and fine 
powder fractions are listed in Tables II and III. It 
can be seen that unk reproce ng milling i 
resorted to, the hydriding treatment produces rela- 
tively coarse powder from turnings and chips. How- 
ever, this material can be handled with ease, as it 
exhibits a high apparent density and good flowability 

4) Attritioned Powder—Attritioned powder wa 
made by pulverizing cleaned thorium chips and 
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lathe turnings with a small laboratory Wiley mill 
Because of the pyrophoric nature of finely divided 
thorium, the attritioning had to be performed in a 
dry box from which the air had been evacuated and 
replaced by purified helium of about —60°C dew 
point. Because of the soft, ductile nature of thorium, 
the grinding was somewhat difficult, but by no 
means unfeasible. As can be seen in Table II, the 
attritioned powder was coarse, running mostly +100 
mesh. Its apparent density and flowability were 
relatively good, although some oxide increase was 
found even though comminution was carried out in 
a dry inert atmosphere, Table I 

5) Commercial Hydride Powder-—-Commercial 
powder produced by the hydride method was ob- 
tained from Metal Hydrides Inc. Its particle size 
was small, which should be satisfactory for pressing 
green compacts and sintering. However, the assay 


TEMPERATURE *C 


Fig. 3—Effect of temperature upon runout pressure in the warm 
extrusion of thorium is plotted. A reduction ratio of 4:1 was used 
with 34 in. diam billets 
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Table II. Particle Size Variations in Thorium Powders 


Mesh Fractions, Pet 


Average 
Diameter, 
Fisher Sub 10 20 
Sieve Siser 4 24 $25 


wl? 


Attritioned from Chips 


ded Powder 


perimental drided Powder 


Mesh 
60 Mesh 


The apparent density of this powder wa heated by natural gas or standard resistance wire 


Therefore, the hot pressing tests were carried out in 
graphite dies at this temperature to simulate opera- 
powder tion under production conditions. Even though a 
ible to con- 


was low 
high, 4.27 2 per cu cm, but flowability was poor, 
probably because of the fine particle size 

6) Calcium-Reduced Powder—Thorium 


the reduction of ThO, with calcium was low temperature was used, it was po 
close to maximum 


produced by 
supplied by the Westinghouse Electric Corp. The olidate the thorium powder 
density of 11.59 g per cu em—density of cast thori- 


particle size of this material was quite fine, 4.7 4 


Its assay was very high, but its apparent density wa um containing same impurities—by hot pressing for 
very low. The powder would not flow a period of from 2 to 4 hr with 1200 psi in a vacuum, 
7) Electrolytic Flake—The thorium used was an 30 w. No reaction with the graphite dies was noted 


tests with cold 


experimental lot produced by the deposition of flake Sintering: Preliminary sintering 
out of a molten salt mixture, This flake was obtained pressed compacts indicated that consolidation starts 
from Horizons Inc. The particle size is coarse, being at about 1100° to 1150°C, increasing to a maximum 
1350° to 1400°C. Additional heating up to 1570°C 


quite similar in distribution to the attritioned pow- at 
der. Like the attritioned powder, the flake has good showed little further densification. Consequently, a 
flowability temperature of 1400°C was selected for sintering 
Five of the powders described are shown, with which was carried out in an induction heated, quartz 
their relative sizes and shape in Fig. 1 
Processing Technique—Cold Pressing: Green com- 


vacuum chamber under 50 4 
Extrusion: After the cold pressed compacts were 


pacts were made of the various thorium powders by intered or vacuum hot pressed, they were machined 
pressing in oil dag-coated, hardened steel di to extrusion billets. As can be seen in Fig. 2, extru- 
Compacts of from % in. to 2% in. diam were made ion billets had a leading end in the shape of a trun- 


cated cone, with an included angle of 60° to 90 
ing can The extrusion tool assembly was made of 18-4-1 
peed steel, heat treated to about Re 60 


without internal lubricants 
Vacuum Hot Pressing Vacuum hot pre 
be carried out up to 1100°C in commercial furnace type high 


Fig. 4—Compactibility of com 
mercial thorium powders is 
plotted 
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Vowder 
Se hip 0 244 16.7 82 7 3.3 2.3 05 O5 
156 Mesh 126 23.6 10.3 82 15.3 
60 Mest 43.2 17.5 13.1 26.2 
Commercial hyd 7 100.4 
Calcium Keduced I ‘ 47 
— 
15 Mesh 203 28.1 14.5 15.6 106 69 16 10 2 
60 Mesh 5.3 24.2 19.6 13.3 8.7 20 18 29 
100 Mesh 47.4 12.0 20.7 47 9.1 4649 
200 Mesh 22.8 9 3 
250 Mesh 8 43.2 
Flects Flake 
26.2 65 13.6 11.3 12.5 
209 248 227 227 
4 
{ > 
/ 
Pal 
‘ 
© ‘ 
rw 
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Fig. 5—Compactibility of thor 
ium powder comminuted from 
machine chips is plotted 


Fig. 6—Compactibility of ex 
perimental hydride process 
thorium powder is plotted 


hardne Extrusion was carried out to bring the 
intered powders to full density and to make their 
properties comparable to cast and wrought thorium 
The extrusion operation was performed in the 
range 400° to 550°C. Lubrication on 
ted of a coating of oil dag, MoS,, o1 
A graphite cone was used to 
leading end of the extrusion billet 
initial application of 
at the 


required to 


temperature 
the billets con 
a mixture of the two 
around the 
Wa crushed with the 

ure, causing a low friction taper to form 
entrance to the shear die. The pressure 


extrude thorium at 425°C ranged from 20 to 75 tsi. 
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and depended upon the reduction ratio, quality of 
lubrication, and included angle of the truncated 
cone. It appears that with a 0.003 in. coating of oil 
dag, a 60° included angle 
a pl ure of about 40 tsi would be necessary to start 
the extrusion, after which the pressure drops off to 
Data on extruding cast and rolled 


and a 4:1 reduction ratio, 


about 25 tsi 
ious temperatures are presented in Fig 


the technique 


thorium at va 


3 to indicate how thorium extrudes by 


in this work. The curve in the figure shows a 
drop in the runout extrusion pressure—rela- 


constant pressure period after extrusion ha 
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Fig. 7—Compactibility of elec 
trolytic thorium powder is 
plotted 


started-—with increasing temperature, employing a 
reduction ratio of 4:1 

Tensile Testing: All material under investigation 
was tested, using a small button head type of tensile 
specimen with a diameter of 0.15 in. and a gage 
length of 0.6 in. The apparatus and testing proced- 
ure for this type of test bar has been previously de- 
cribed in detail.” The small sample was chosen for 
the comparison tensile test because of the small 
amount of material available from various experi- 
mental lots of thorium 

Some of the sintered or hot pressed material was 
tensile tested in the as-extruded condition, while 
other tests were made after vacuum annealing for 
l hr at 650° to 800°C 

Metallographic Examination 
ples were prepared by wet 
through 400 grit Carborundum papers, 
ing with levigated alumina on Metcloth, and final 
polishing with AB Metpolish No. 3 on microcloth 
Electroetching was employed with 25 pet HNO, in 
aqueous solution, using a 2 amp current 

Analysis of Thorium Oxide: Al g sample of pow- 
der was dissolved in 300 cu cm of a 1:1 mixture of 
HC! and H,O after bubbling nitrogen through the 
solution to remove dis The acid was 
added cautiously until the reaction ceased, and the 
ample mixture boiled for 4 hr with acid added as 
needed. The solution was then filtered through No 
42 paper and washed with a 1:9 mixture of HC1 in 
H,O. After ignition at 1000°C, the residue was 
weighed as ThoO, 


Metallographic sam- 
grinding with 150 
rough polish- 


olved oxygen 


Experimental Results 


Cold Pressing—Compaction curves for the thorium 
powders considered in this investigation are shown 
in Figs. 4 to 7. The comparative consolidation of the 
various powders at 40 tsi is listed in Table IV. At 
this as well as at higher compaction pressures, the 
coarser fractions of any thorium powder exhibit 
better compactability than the finer fractions. For 
the same mesh fraction, the electrolytic flake showed 
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better compactability than attritioned chips or de- 
composed hydride powder. The most compactable 
of the fine powders was calcium reduced metal. As 
might be expected from its coarse particle size and 
the excellent ductility of thorium, scrap consisting 
of saw or lathe chips had the best over-all cold 
compactability of all the metal tested 

Hot Pressing—The densities of the various vacu- 
um hot pressed thorium powders are shown in Table 
IV. In any given type of powder, the fine fractions 
hot pressed better than corresponding coarser frac- 
tions, reversing the effects observed for cold press- 
ing. Despite this trend, the coarse lathe turnings 
hot pressed to 98 pct + of 11.59 g per cu cm, the 
density of cast metal corrected for impurities 

Under conditions of vacuum hot pressing, 25 to 
50 w, the thorium oxide content increased from 1.15 
to 1.45 pet or about 350 ppm O, again decreasing the 
Oxidation of 
greate! 


maximum apparent density slightly 
the finer powders during hot pressing wa 
than that for any corresponding coarse fraction. The 

60 mesh fractions of comminuted chips and elec- 
trolytic flake increased about 2000 ppm O,. The 
decomposition of the hydride 


powder made by 


Table 111. Some Properties of Various Types of Powdered Thorium 


Apparent 
Density, G per 


Flow Rate, Hall, 


Powder G per Min 


Experimentally Produced 
Hydride 
1S Mesh t ot measured, but 
60 Mesh ir to attri 
oned and elec 
jlytic powder 
Attritioned Po 
iS Mesh 104 
60 Mesh 152 
Elect tic Flake 
Mesh 195 131 
60 Mesh ) 144 
ercial Hydride Powder 
Dian 
im Reduced Powder 
Dian 
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Fig. 8—Photographs shows fabrication of rod from thorium powder. A is the hot pressed powder; B, extrusion billet; and C, 


warm extruded rod 


Fig. 9—Micrographs show vac 
uum hot pressed lathe chips 
A, as-polished; 8, electro 
etched) X250. Area reduced 
approximately 25 pct for re 
production 


Fig 10—Micrographs show 
vacuum hot pressed attritioned 
lathe chips, 35 mesh. A, as 
polished; B, electroetched 
X250. Area reduced approxi 
mately 25 pct for reproduction 


Fig 1l—Micrographs show 
vacuum hot pressed calcium re 
duced powder. A, as-polished; 
B, electroetched. X250. Area 
reduced approximately 25 pct 
for reproduction 


Fig. 12—Micrographs show cast, 
hot rolled, warm extruded 
thorium rod. A, as-polished; B, 
electroetched. X250. Area re 
duced approximately 25 pct for 
reproduction 
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Fig 14—Micrographs show 
vacuum hot pressed electro 
lytic flake, 35 mesh A, as 
polished, B, electroetched 
X250. Area reduced approxi 
mately 25 pct for reproduction 


howed a gain of 1000 ppm for the same fraction 
under the same conditions of processing, possibly 
the effect of some protection from residual hydrogen 
The calcium reduced powder of a considerably finer 


ize showed a relatively low oxygen pickup of about 
2000 ppm 

attritioned chips, experimental 
hydride powder, and electrolytic flake were all hot 
pressed to 98 to 100 pet of maximum density 
ably even higher if the higher oxide content of the 


Lathe turning 
prob- 


compressed powders is considered 


Table IV. Densities of Thorium Powders Consolidated by Several 
Techniques 


Density of 
Vacuum 
Hot Pressed 
Material, 
1ieeec, 
1200 Pal 


Density of 
Cold Pressed 
and Vacuum 
Cold Pressed Sintered 

Material Material 
Ts 


Density of 


11.22 


10. 06° 
11.17 


100.0 
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Fig 13—Micrographs show 
vacuum hot pressed hydrided 
powder, —-35 mesh. A, as-pol 
ished; B, electroetched. X250 
Area reduced approximately 25 
pct for reproduction 


The densification of cold pressed thori- 
sintering at 1400°C in vacuo is 
the densifica- 


Sintering 
um powders by 
hown in Table IV. As in hot pressing, 
tion was greater for the finer meshed portions of the 
powders than for coarse mesh fraction 
Sintering at 1400°C gave densities not quite as great 
as hot pressing at 1100°C. Only —60 mesh electro- 
lytic flake achieved densities greater than 98 pct of 
laximum density. Most of the 
from 1200° to 1400°C, although one sample of 60 
mesh experimental hydrided powder cold pressed at 
70 tsi did densify 100 pet when sintering at 1570°C 
Generally, densification wa 
1400 C, showing little advantage for increased tem- 
perature for most powder Higher cold compacting 
pressures had little effect in increasing sintered den- 
ities except at sintering temperatures below 1400°C 
and on coarse particles which densified cold to 95 pet 
or greater of maximum thorium density. Vacuum 
exhibited increases in oxide con- 


Variou 


intering took place 


quite erratic above 


intered sample 
tent similar to those found in hot pressing operations 

Mechanical Working of Thorium Powder Metal- 
lurgy Compacts—-Extrusion at low temperature us- 
ing reduction ratios as low as 2:1 densified most of 
the sintered and hot pressed compacts to maximum 
density, even when the billet density was only 90 
pet of maximum. The commercial hydrided powder 
was the only type which could not be extruded. All 
others were extruded into % to % in. diam rods for 
comparative evaluation of mechanical properties in 
tension. A fabrication sequence for hot pre 
extrusion is shown in Fig. 8 

Sintered or hot pressed thorium compacts from 
90 to 98 pct of maximum density were completely 
densified by coining and extrusion at 400° to 500°C 
tarting billet 


ing and 


in air without noticeable oxidation if 
oxide contents were below 5 pct ThO 

Evaluation of Densified Compacts—Tensile prop- 
given in Table V. All compacts were 
warm extruded and annealed to give an effective 
Tensile strengths greater than those 


erties are 


comparison 
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4 
Pet 
Pet of Pet of of 
11.59 
G per G per G per G per G per Gi per 
cm im im Cm cm Cm 
Lathe Turnings 11.58 982 
Mest 107 96.8 11.02 95.1 
ited Lathe 
ru 
Seah 07 11.32 7.7 
60 Mest 95 a2 || 
Ex pe tal Hydride 
ler 
Mest 11.59 
60 Mesh ao 78 11.20 on 4 
100} Mesh a5 73 1143 oa - 
200 Mest 72 10.64 91.8 
Flect t wiler = 
lest 10.5 11.21 11.20 06.7 
60 Mesh 10.5 ao 11.39 98.3 11.39 98.3 
Comme sl Hydride 
‘ acer 
la“ 90 78 10.23 64.3 11.03 95.2 
Caletu Reduced 
Pow cde 
674 10.0 10.37 11.344 97 8 
* Blistered during sintering 


Table V. 


Source Fabrication 


Tensile Properties of Consolidated Thorium Powders 


Ultimate Tensile 


Heat Treatment Strength, Psi Psi Hlongation, Pet Pet, Cont 


Vield Strength 
Hardness, Rr 


of cast metal could be developed, especially for con- 
olidated fine powders, possibly because of the fine 
grain size and greater oxide content. The tensile 
elongations are somewhat lower for powder metal- 
lurgy compacts than cast metal, but not excessively 
The uniform and rather high hardnesses probably 
reflect the relatively high and uniform oxide content 
of the powder compacts also 
Micrograph of the Variou compacted powde! 

are shown in Figs. 9 to 14. The presence of oxides at 
the grain boundaries is indicated. Thi eems to 


restrict the grain size of sintered or hot pressed 
compacts to the original powder particle size, espe- 
cially for fine powder The presence of carbides 


through dissolution on etching is also indicated 


Discussion of Results and Conclusions 

The fabrication of thorium powders by either hot 
pressing or cold pressing intering, and densifying 
by low temperature deformation appears to present 
no un ial problems. The main deterrent to consoli 
dation using powder metallurgy technique wa 
oxidation. Resultant ThO, congregated in the grain 
boundaries. However, even with oxide contents ap 
proaching 5 pet ThO.,, the powders were easily fab 
ricated to maximum density 

The coarse thorium powders did not sinter quite 
as readily as the fine particles because of the lowe1 


area of contacting irface. Neverthels they are 


the best for powder metallurgical application Al 


though the calcium reduced powder was the most 
favorable of the fine powder a far a fabrication 
was concerned, the coarse powders represented by 
attritioned scrap and electrolytic flake were proc- 
© ed to density most @a i] and the rate of oxida- 
tion, especially in the coarser fraction was the 
lowest under fabrication conditions employed. In 
experimental operation, it was found easier to pro 
duce thorium powder by comminution of chips than 
to manufacture it by the hydride method. Inasmuch 

th material seems to be every bit as good as the 


hydride powder, the procedure may be considered 
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acceptable for recycling thorium machining scrap 
In fact, machining scrap in chip form could be fab 
ricated readily, especially by hot pressing without 
comminution. Therefore, powder metallurgy may 
be usefully employed in a variety of ways for the 
recycling of scrap thorium to solid metal 

Of all the techniques investigated in this work 
the vacuum hot pressing proce appears to be the 
most desirable consolidating method With thi 
technique, better and more uniform tensile proper 
ties were obtained, and the method was found to be 


generally more reliable than cold pressing and sin 


tering. The lower temperature involved in hot 
pressing allow a wide choice of furnace type It i 
also possible to use metallic——mild or stainle tee! 


and nickel——-pressing dies of the type used comme 
cially in the fabrication of large shapes of beryllium 
When vacuum hot pressing beryllium, pressures a 
low as 100 to 200 psi may be used for consolidating 
the powder to density, providing the oxide content 
not much above 1.5 pet BeO. In the case of thori 


im with oxide contents considerably in exce of 
this, pre ires as high as 1200 psi had to be used 
making the use of graphite dies mandatory. Thi 
however, would also be true of beryllium with high 
oxide content Consequently, it may be possible 
that, as is the case with beryllium, if low oxide con 
tents are maintained in vacuum pressing, high den 
ification with low mechanical loads may be accom 
plished for thorium powder! 

In all of the work on the fabrication of thorium 
by powder metallurgy, the evacuation was carried 
out to between 25 and 50 yw, which is now believed 
to be insufficient to prevent oxidation, especially 
with the finer powder! Lilliendahl has indicated 
that when sintering in argon at 1300°C about 250 
ppm of oxygen was picked up, while in the present 
investigation sintering at 1400°C under 25 to 50 y 
resulted in a pickup of 2000 ppm. In both case 
calcium reduced powder wa ised. Consequently 
further work in thorium powder metallurgy should 


itilize argon if the cold pressing and sintering op 
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eration is desired. When using the coarser powders, 
the vacuum achieved by a mechanical pump 
However, should 
desired 
If low- 
would allow lower hot pressing 
and thorium could be processed using the 
veloped for beryllium fabrication, thori- 
up to a ton and a half in weight could 


Va enerally ullicient 
r powders be used and/or lower oxide 
better vacuum conditions are recommended 
er oxide content 
pressure 
methods de 
um compact 
be fabricated with available equipment 
Although it i uggested that hot pressing be con- 
idered for fabrication of coarse powders, a cold 
pre inter work technique based especially on cold 
warm working 
is recommended for finer powders. Temperatures 
of 400° to 500°C may be used without excessive 
oxidation whereby cold pressed and sintered bodies 
from 90 to 95 pet of maximum density are readily 
densified with low reduction ratios. If oxidation is 
uitable atmosphere control, mechani- 
approximating melted thorium may 


working above room temperature 


restricted by 
cal properti 
be achieved by powder metallurgical techniques 


Summary 

hapes from both primary and 
econdary thorium powders is quite feasible either 
ing or by cold pressing, vacuum 
intering, and mechanical working. Even with oxide 
approaching 5 pet ThO,, these powders are 
having maximum 
density and mechanical properties which compare 
Since the extensive 
teps of briqueting, melting, refining, casting, and 
breakdown working can be eliminated by applying 
directly to both pow- 


Fabricating dense 
by vacuum hot pre 


content 
ily consolidated into 
wrought casting 


well with 


technique 
and to virgin reduced pow- 
ibilitie 


powder metallurgy 
dered machining chip 


ders, the economic po eem favorable 
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Technical Note 


Hardness of Metals and Alloys 


ARDNESS is one of the most common prop- 

erties of metals and alloys but is one of the 
most difficult to define or expre in terms of the 
fundamental unit In the Brinell or Vicker’s hard- 
re t, the hardne number N is defined as N 
L./A where L is the load in kilograms and A is the 
area in mm’. This does not necessarily imply that 
a pressure of N kilograms per mm’ actually acts on 
the specimen. It is essential that for a true com- 
values the angle of indentation 
srinell 


parison of hardne 
be kept constant which is not done in the 
test. For this and other reasons, the Brinell hard- 
atisfactory physical 
based on the 
work done per unit volume of indentation’ offers 
definition. An attempt has 
to develop this concept (at con- 


re value is not based on a 


concept The concept of hardne 


a simple and screntific 
been made here 
tant angle) and to compare the value 
with the Bhn for different metals and alloy 

In Fig. | a vertical load L i 


obtained 


applied to a compara- 
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tively hard ball of diameter D creating an indenta- 
tion of diameter 4 and depth h on the specimen S 
The work done, W, is then given by 


W Ldh [1] 


Since L is not independent of h, Honda and Takahasi’ 
and Matsumura’ assumed different functions lead- 
which do not apply equally” to a 
wide variety of metals and alloys. A better relation 
is obtained from Meyer's Law 


L = as" [2] 
A 


ing to equations 


[3] 


where A and n are constants depending on the nature 
of the material but independent of the ball diameter 
D. From Fig. 1 it is obvious that 


h R(1 


cos #) 


and 
2R siné 
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Eq. 1 may then be written as 


W = A2’R’ dé [4] 


In Eq. 4 the indentation angle @ and the index n 
are both variables and n in general is not an integer 
Suppose that 
1 

dé = F(n) [5] 


where F(n) is some function of n for a given value 
of @. If F(#) and G(#@) are two independent func- 


tions of @, then 


G(@) dé | F(@) dé f(@) [6] 
where f(#) is another function of 6 defined by Eq. 6 
Substituting for F(@) and log,siné for G(@), 


Zives 


1 
sin"’'@ log,siné dé f{(#) dé. [7] 
2 * . 


From Eq. 5 it is obvious that 
d F(n) 
sin"’'@ log,siné dé [8] 
dn 


Combining Eqs. 5, 7, and 8 gives 


d F(n) 
f(a) F(n) [9] 
dn 
Let 
B= f(@) [10] 
then 
Fin) ae” [11] 


It may be noted from Eq. 10 that 8 is a function of @ 
but is independent of n. Hence, for a given value 
for #, 8 may be taken as constant independent of the 
nature of the material. Combining Eqs. 4, 5, and 11 
give 
W A2’ R’ a 

From Fig. 1, the volume V of the indentation | 

given by 

V (3R —h) [2 — cos (sin’# + 2) ] 
The hardness H defined as W/V is therefore given by 


W A 24a e” 


H - 
\ — cosé (sin’é + 2) ] 
a(24 
[2 — cosé@ (sin’é + 2) ] [12] 


For a given value of 6, values of F(n) may be com- 
puted as a function of n from Eq. 5. Then, plotting 
log F(n) as a function of n, a straight line is obtained 
(see Eq. 11), the slope of which gives the value of f 
and the intercept the value of a. For @~— 30°, a 

0.0525 and g 0.9076 are obtained. Substituting 


Fig. 1—Diagram 
shows vertical load 
L being applied to 
a comparatively hard 
ball of diameter D, 
creating an indenta 
tion of diameter 4 
and depth h on the 
specimen S$ 
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Fig 2—H and H, 
values are charted 
as functions of cold 
reduction for copper 
and aluminum 


4 


the foregoing values of a, 8, and @ in Eq. 12, for a 
ball diameter of 10 mm 


H mm {13} 
af,mm | 14 | 

are obtained, where 
f, 10°* 7.79 e 


For a given metal or alloy, the values of a and nm 
may be easily obtained from Eqs. 2 and 3 by mea 
uring two indentation diameters 6, and 6, corre 
sponding to two known loads L, and L,. Once the 
value of n is known, the value of f, may be obtained 
from Eq 15 or, more easily, from a plot of f, as a 
function of n. The value of H is then easily obtained 
from Eq. 14 as a product of a and f,. Values of a, n 
and H were measured for different metals and 
alloys under different conditions of treatment. These 
are discussed in detail elsewhere. A typical plot i 
hown in Fig. 2. The corresponding Bhn’'s are indi- 
cated as H, for comparison 

The limitation of this method is that Eq. 12 i 
based on Meyer's law which is empirical. Neverthe 
less, it is well known that, as long as the load i 
neither too small nor too large and it comes in equi 


librium with the specimen, Meyer's law holds good’ 


for wide varieties of metals and alloys under differ 
ent conditions of treatment. The advantages, on the 
other hand, are that H defined as work done per 
unit volume of indentation offers a better physical 
concept and also a definite unit.” Moreover, the 
definition of H is based on a constant angle of in 
dentation——-a condition which offers more com 
parable hardne values than when the angle i 
made variables as in the Brinell test 
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Metallographic Identification of Nonmetallic 


Inclusions in Uranium 


by R. F. Dickerson, A. F. Gerds, and D. A. Vaughan 


the metallurgy of uranium has been 
under intensive study since the early 1940's, no 
been made to identify the non- 
inclusions in uranium. Uranium carbide 
probably the most common inclu- 
been ten- 


ysteratic effort ha 
metally 
(UC), which 1 
ion found in graphite-melted metal, has 
tatively identified by previous investigators, but the 
othe have received little 


attention 


nonmetallic inclusions 


Since metallography is a valuable tool in metal- 
tudies, the metallographic identification of 
important 


lurgical 
the nonmetallic inclusions in uranium |} 
Such an investigation has been completed and the 


identification of slag-type inclusions and of uranium 


monocarbide, uranium hydride, uranium dioxide 


uranium monoxide, and uranium mononitride is 
described 
Metallographic Preparation 

It is often pos pecimens for metal- 
lographic examination equally well by 
od The which were examined in thi 
work were prepared by one of two acceptable meth 
ods. For the convenience of the reader, both method 
will be discussed in detail and will be referred to 
imply as Method I or Method II in the subsequent 
ection For both Methods I and IH, 


microscopic examination usually were 
either in bakelite or in Paraplex room temperature 


ible to prepare 
everal meth- 


pecimen 


pecimens for 
mounted 


mounting plastic 

Method I 
water on a revolving disk covered succe 
120 240-, and 600-grit 
was necessary to perform the final grinding opera- 


Specimens were ground in a spray of 
ively with 
ilicon carbide paper It 
tion carefully on worn 600-grit paper to keep the 
After 
pecimens were polished for 3 to 4 min 
peed wheel (250 rpm) covered with a 
medium nap cloth. Diamet Hyprez Blue diamond 
Grade 00, 0 to 2 yw, was 
lubricant on the wheel 


cratches as fine as possible washing and 
drying, the 
on a slow 
polishing paste, used a 
abrasive with kerosene a 
Specimens were washed thoroughly in alcohol 
and final polished electrolytically in an electrolyte 
composed of 1 part stock solution (118 g CrO, di 

olved in 100 em" H.O) with 4 parts of glacial acetic 
acid. A stainless steel cathode was used. At an open 
circuit potential of 40 v de, a polishing time of 2 se« 


inclusions well with the bath at room 


retained 
temperature 

If additional etching was required to sharpen the 
interface between the metal and the inclusions, an 
electrolyte composed of 1 part stock solution (100 g 
CrO, and 100 cm’ H.O) and 18 parts glacial acetic 
acid was used at room temperature. Best results 
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were obtained by etching for from 10 to 15 sec at 
20 v de in the open circuit 

Surfaces obtained by this method are suitable for 
microscopic examination. However, if desired, they 
may be etched further with other chemicals 

Method Il—Rough grinding was done on a wet 
180- or 240-grit continuous grinding belt. The speci- 
men was then ground by hand succe 
400-, and 600-grit 
Final polishing wa 
4 in. high speed wheel (3400 rpm) covered with 
Forstmann’s cloth. Linde B levigated alumina, sus- 
pended in a 1 volume pet chromic acid solution, was 
Specimens usually were polished in 
by this technique 
inclusions present in the 


ively on 240-, 
ilicon carbide papers in a stream 


of water accomplished on a 


the abrasive 
) min or le 
Often the 
identified in the mechanically polished condition 
When etching wa inclusions 
more harply, one of the two following methods was 
used. In the first method, the etched 
lightly while electropolishing in the chromic-acetic 
acid solution described above (1 part of stock solu- 
tion to 4 parts of acetic acid). The electrolyte wa 
refrigerated in a dry ice-ethyl alcohol bath and 
pecimens were etched at 60 v de on the open cir- 
cuit for 2 or 3 cycles of 3 to 4 sec each. The second 
technique utilizes electrolytical etching at about 10 
v de (open circuit) in a 10 pet citric acid solution at 


room temperature 


metal were 
required to outline 


pecimen 1 


X-Ray Diffraction Technique 

The major problem in the identification of inclu- 
‘ions in metals by X-ray diffraction techniques | 
the extraction of a sufficient amount of each type of 
inclusion to obtain an X-ray diffraction pattern. In 
the present study, X-ray diffraction patterns were 
obtained from individual inclusions of the order of 
10 » diam. The polished and etched sample hown 
in the micrographs were examined at a magnifica- 
tion of X54 or X100 with a binocular microscope 
This allowed sufficient working distance to extract 
the inclusions with a needle probe for powder X-ray 
diffraction analysi 

Friable inclusions such as 
UH, could be freed from the metal by 
as-polished and etched surface. The fine particl 
then were picked up on the end of a Vistanex-coated 
glass rod (0.002 in. diam) which was held in a brass 
adapter made to fit the powder X-ray diffraction 
camera. The end of the glass rod was centered in 
the path of the X-ray beam 

In the case of the UC, UO, and UN inclusions 


MegF.,, CaF,, UO,, and 
probing the 


which are smaller in size, more metallic in appear- 
ance, and le friable than the other inclusions, it 
was necessary to etch the inclusion in relief before 
extraction. UN inclusions etched sufficiently in re- 
lief in the electrolytic polishing cribed 
in Methods I and II by increasing the polishing time 
UN inclusions were relief etched by extending the 


olution de 
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Fig. 1—Micrograph shows MgF, inclusion 
in upper right hand corner. Specimen 
was electroetched in chromic-acetic acid 
solution. X250. Area reduced approxi 


mately 25 pct for reproduction for reproduction 


time of the electrolytic etch described in Method II 
UO was more dif- 
ingle pha A 


obtained electro- 


The inclusion phase identified as 
ficult to etch for extraction as a 
relief etch of thi 
lytically in 1 part perchloric-10 part 
olution, run at 10 v de. All etching was carried out 
in order to follow the attack of the metal 
previously marked in the 


inclusion wa 
acetic acid 


in step 
around pecific inclusion 
metallographic sample 
The identification of MgF,, CaF, and UO, was 
made by comparison of the patterns from the inclu- 
sion with the diffraction data available in the 
ASTM card index. UH, was identified by comparison 
of its pattern with that reported by Rundle.’ UH 
has a cubic structure with a 6.63A. UN, UO, and 
UC have face-centered-cubic structures with lattice 
4. 890A, 4.920A, and 4.961A, respec- 
made on the basis of their 
Since UN, UO, and UC 
oluble in all propor- 


constants of a 
tively.” Identification wa 
measured lattice constant 
are reported to be mutually 
tions, the carbonitride U(C,N), containing 


of carbon and nitrogen, 


approxl- 
mately equimolar quantiti 
would have a lattice constant about equal to that 
of UO. Therefore, U(C,N) would not be distinguish- 
able from UO by X-ray diffraction method Iden- 
tification of UN and UC, however, is considered un- 
equivocal on the basis of their measured lattice 


constant 


Fig. 4—Micrograph shows same field as Fig. 5—Micrograph shows uranium con 


in Fig. 3. Specimen was etched with 1:1 


darkened. X250 Area reduced approxi 
mately 25 pct for reproduction 
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Fig. 2—Micrograph shows typical Mgf 
stringer as it appears in wrought uranium 
Specimen was etched with 1:1 HNO,-H.O 
X250. Area reduced approximately 25 pct 


taining 20 ppm C. Specimen was etched 
HNO.-H.O etchant. UC inclusions are with 1:1 HNO.H.O. UC is stained a 
dark color. X250. Area reduced approxi 
mately 25 pct for reproduction 


Fig. 3—Micrograph shows specimen con 
taining carbon, as polished. The inclu 
sions have been identified by X-ray tec’ 
niques as UC. X250. Area reduced ap 
proximately 25 pct for reproduction 


Identification of Inclusions 

For the purposes of clarity, the metallographic 
identifications of the nonmetallic inclusions are dis- 
cussed individually in the following sections. These 
ections are concerned specifically with the follow- 
ing inclusions: the fluorides (MgF, or CaF,), uranium 
monocarbide (UC), uranium hydride (UH,), ura- 
nium dioxide (UO.), uranium monoxide (UQ), and 
uranium mononitride (UN) 

Fluoride Inclusions (MgF.-CaF,) 
Mek, or CaF,, may be observed as 
large glassy agglomerates in as-reduced or remelted 
metal. Of the two, the MgF, is probably the most 
When CaF, is observed, it is generally in 
Positive identification of 


The fluoride in- 


clusion rather 


abundant 
conjunction with MgF 
these inclusions was made by mechanically remov 
under the microscope from marked 
metallographic fields and subjecting the particles to 
X-ray diffraction analysi 

A typical example of the glassy MgF, inclusions 
found in as-reduced metal is illustrated in Fig, 1 
This specific particle was identified by X-ray diffrac 
tion. The smaller light-colored inclusions which 
dominate the field are 

In wrought metal, the fluoride inclusions appear 
in the rolling direction and are generally 
other inclusion An 
example typical of these stringers | hown in Fig. 2 


ing particle 


UN 


a tringe I 


urrounded by nonmetallic 


Fig. &—Micrograph shows section of a 
graphite-melted ingot. The carbide par 
ticles show a cored structure Specimen 
was lightly etched X250 Area reduced 
approximately 25 pct for reproduction 


APRIL 1956, JOURNAL OF METALS—457 


oe 
¢ 4 « 4 e 
‘ 
a 


inclusion which 1 


Haine 


“ait in 


the carbide 


men by 
To check the validity of the nitric acid etchant, 


Fig. 7-—-Micrograph shows as reduced 
uranium, arc melted under partial pres 
sure of helium Specimen contains 0.7 
pom H, as polished. X250 Area reduced 


approxmately 25 pct for reproduction 


pecimens illustrating the 


prepared for examination by 


inclusion illustrated 


poride 


us removed and identified by X 


techniques. The gla 


hape of the particles provide 


ilyin them without the 


a 600-grit grind 


Uranium Monocarbide 
(UC) is probably the 
nclusion in graphite 
utor have tentatively 
carbide However, 
aphite under a BaCl 
ibic gray inclusion 
In the present 
ion initial effort was on the 
uitable etchant. One wa 


metalhe inclusion Thi 
nitric acid and | part water, is 
wabbing 


Fig 10—Mierograph shows creamy brown 
inclusion in an induction melted uranium 
ingot, identified by X-ray analysis as UH 
Specimen was etched with 10 pet citric 
acid. X500. Area reduced approximately 
25 pct tor reproduction 


MzgF, inclusions 
Method I, and were 
Figs. 1 and 2 
ray diffraction 
y appearance and the size and and the marked 
means of iden- this, individual inclusions in the marked fields were 
aid of etchant 
uses, identification may be made immediately after 


Uranium 
most abundant nonmetalli of the unetched carbides in Fig. 3 
that the gray color used for metallographic identi- 
fication of the carbide is not always produced by 
Fig. 4 shows the identical field as Fig 
after using the nitric acid etchant 

indicated that carbide inclusions 


melted uranium 
identified the cubis 
found in graphite 
jritish investigators Mott and 
tudied uranium metal that was 
lag, and reported the 
which they observed to be UO 
tudy of uranium carbide inclu- is 
development of a 
developed that darkened 
and did not visibly affect the other non- Fig 
etchant, composed of 1 part 
applied to the 


Fig. 8—Micrograph shows as-reduced 
uranium, arc-melted under hydrogen 
Specimen contains 32 ppm H, as pol 
ished. Note lance-like hydride inclusions 
X250. Area reduced approximately 25 
pct for reproduction 


Method I 


In many mechanically 
in a specimen 


monocarbide 


Many inve 

pray 
melted metal polishing 
melted in 
cannot be 


peci- 


Fig. 11—Micrograph shows arc melt of as- 
reduced uranium to which UO, was added 
The slate-gray inclusions have been iden 
tified as UO, Specimen contains 250 
ppm O, as polished. X250. Area reduced 
approximately 25 pct for reproduction 


pecimens containing known 
prepared for 
A marked field was photographed in the 


extracted and 
X-ray diffraction. Figs 


These studies 
identified by their 
once believed possible. 
observed as rectangular or cubic particles; but 
other inclusions, such as UN, may occur in similarly 
shaped particles 
5, a micrograph of as-reduced uranium etched 
with the nitric acid etchant 
veals that there are a few regularly shaped inclu- 
sions which have been darkened by the etchant 
interlacing network of very fine inclusions, which 


a 


Fig. 9—Micrograph shows same section of 
field as Fig. 8. Detail of lance-like hy 
drides may be better observed. X500 
Area reduced approximately 25 pct for 
reproduction 


amounts of carbon 


metallographic examination by 


polished condition, and the specimen was then etched 


field rephotographed. Following 


identified as UC by 
3 and 4 show the field studied 


It is interesting to note the clear white appearance 


This indicates 


shape alone, as was 
It is true that UC very often 


An example of this is shown in 
A study of Fig. 5 re- 


An 


Fig. 12—Micrograph shows inclusion ag 
glomerate in an ingot of uranium The 
slate-gray material has been identified as 
UO.. Specimen was etched with 1:1 HNO 

H.O”. X250. Area reduced approximately 
25 pct for reproduction 
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, 
> * ; 


Fig. 13—Micrograph shows a stringer of Fig. 14—Micrograph shows a small slag Fig. 15-—Micrograph shows section of a 


UO inclusions as etched with 1:1 HNO 


H.O. The fade-out of some of the parti matrix of stringer 
particles are UO., and light-colored inclu 
sions are UO. Specimen was etched with 


cles can be seen. X500. Area reduced 
approximately 25 pct for reproduction 


uranium oxide stringer in a rod. Dark 
is MgF.. Slate-gray stained particles are UC, and the rounded 


rod etched with citric acid. The darkly 


gray particles are UO X250 Area re 
duced approximately 25 pct for repro 


citric acid. X500. Area reduced approxi duction 


are dark in color, is also shown. It appears that both 
the larger darkened inclusions and the fine network 
are UC, The regularly shaped inclusions which are 
white in color are probably UN. This specimen an- 
alyzed 20 ppm C, which is in agreement with the 
amount of carbide shown in the micrograph 

Fig. 6 shows a specimen prepared for examination 
by Method II. The cored-type structure often asso- 
ciated with the carbides is illustrated, This structure 
might suggest solubility of some element in the car- 
bide phase 

An attempt was made to study the effect of nitro- 
gen on the microstructure of the carbide by arc- 
melting some uranium carbide in a nitrogen atmos- 
phere. Although the microstructure showed no evi- 
dence of coring, X-ray diffraction of the resultant 
specimen showed the presence of two phases: 1) 
face-centered-cubic UC with a 4.961A, plus 2) an 
unidentified face-centered-cubic phase with a 
4.950A. Kjeldahl chemical analysis showed the ni- 
trogen content of this specimen to be 1.6 wt pet 

Experiments of this type indicate the possibility 
of carbide-nitride intersolubility.. However, no fur- 
ther study on this approach was made 

Uranium Hydride—The hydride has probably the 
most distinctive appearance of all inclusions which 
may be present in uranium. In order to isolate the 
uranium hydride (UH,), a series of arc melts was 
made to which varying amounts of hydrogen were 
added 

The base metal used for this work was as-reduced 
uranium. A sample of this metal was arc-melted in 
a copper crucible under a partial pressure of helium. 
This control sample was prepared for metallographic 
examination by Method I and is shown in Fig. 7 
Vacuum-fusion analysis indicated a hydrogen con- 
tent of 0.7 ppm 

A section of another uranium specimen, arc- 
melted under a partial pressure of hydrogen and 
containing 3.2 ppm H, is shown in Fig. 8. It will be 
noticed that there are many lance-like inclusion 
that appear light gray in the photograph. These are 
actually a creamy-brown color, which is distinctive 
among uranium inclusion Fig. 9 shows a portion of 
the same field at a magnification of X500. The detail 
of the hydride inclusions may be better observed in 
this micrograph 
Fig. 10 shows inclusions having the same color 


mately 25 pct for reproduction 


and general smooth appearance as those shown in 
Fig 8 and 9. These inclusions were found in 
graphite-melted uranium. The inclusions shown in 
Fig. 10 were found in an ingot after casting. They 
were removed mechanically and identified by X-ray 
diffraction techniques as UH, Hydrides also have 
been observed in the form of tringe! in the 
wrought metal 

The inclusion hown in Fig 8 through 10 are 
typical of some of the forms in which the hydride 
appears in the metal. Correlation between hydrogen 
content as determined by vacuum-fusion analysi 
and amount of the phase as seen under the micro- 
scope substantiated the X-ray identification of the 
hydride (UH,) inclusion 

Uranium Dioxide— Uranium dioxide (UO,) inclu- 
ions do not occur as frequently in graphite-melted 
metal as do UO or UC but, when present, they are 
relatively easy to identify metallographically. As is 
the case with most of the inclusion tudied, the 
hapes of the UO, particles vary with the metal 
being examined. It is possible, however, to identify 
UO, by metallographic observation on the basis of 
its color. This can best be described as slate pray, a 
color frequently associated with oxides in othe 
metals. The identification is aided by the fact that 
the color as observed under the microscope and a 
reproduced on a photographic print is very nearly 
the same 

Fig. 11 shows a specimen of as-reduced uranium 
which was arc-melted with an addition of UO,. Thi 
material contained 260 ppm O. Dendritic, slate-gray 
inclusions, which were identified as UO, by X-ray 
diffraction studies, can be seen. The specimen wa 
prepared for examination by Method II and was not 
etched 

Fig. 12 shows the occurrence of a large agglom- 
erate of UO, in graphite-melted uranium and in 
metal to which UO, was added. The slate-gray ma- 
terial was removed by mechanical techniques and 
determined by X-ray diffraction to be UO, Thi 
pecimen was prepared by Method I and etched with 
the nitric acid etchant 

Uranium Monoxide—The uranium monoxide (UO) 
inclusion is not noticeably affected by any of the 
electrolytic or chemical etchants that were studied 
Secause of this, and because of its mode of occur 


rence, it is one of the most difficult of the nonmetal- 
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Fig. 16—Micrograph shows uranium im Fig. 17—Micrograph shows section of as Fig 
reduced uranium containing a concentra 
tion of UN identified by X-ray diffraction, 
as polished. X250. Area reduced approxi 
mately 25 pct for reproduction 


pregnated with nitrogen and arc-melted 
Specimen contains 50 ppm N, as polished 
X250. Area reduced approximately 25 pct 
for reproduction 


lics to identify by metallographic techniques. How- 
ever, the UO particles have a characteristic that 
eems to be unique with them. In any given group 
of UO particle there will be a few that seem to 
dissolve into the background metal This can be 
which have been etched 
tudy of 
ample in the polished condition will also reveal 
the fade-out Fig. 13 shows this fade-out as it oc- 
of UO in this par- 
tringer have been identified as UO by X-ray 
indicates that 


noticed readily in 
with the nitric acid etchant, but a careful 


pecimen 


curs in particle The inclusion 
ticular 
technique Ex 


diffraction perience 


they do not occur as regular shapes with angular 
ick but rather a 

Fig. 14 
lag-oxide stringer. The specimen wa 
Method II and was etched in the citric acid solution 
The black matrix of the stringer is MgF.,, the slate- 
and the light-colored 


rounded particles are UO 


rounded particle 
a micrograph of a portion of a small 
prepared by 


gray inclusion are 
Fig. 15 shows a section of a rod polished by 
Method II and etched with the citric acid etchant 


The micrograph shows UO inclusions as well as 


dark-stained carbide 
Uranium Mononitride——Uranium  mononitride 
(UN) is the nitride in equilibrium with uranium at 


high temperature Unlike the higher oxide, UO,, 
which is probably entrained in the metal with slag, 
the higher nitrides are not expected in graphite- 
melted uranium. Effort was concentrated, therefore, 
to identify UN inclusion 

The specimens used for this phase of the work 
prepared from as-reduced metal. The metal 


on attempt 


were 
was fabricated to ‘4 in. rod and the rod 
about | in. long. A section of the rod was 
impregnated with 50 ppm N at 900°C and arc- 
melted. The resultant metal was sectioned and ex- 

hown in Fig. 16, were 
UN. A variety of chemical 
sam- 


sectioned 


amined. The inclusion 
tentatively identified a 
and electrolytic etchant 
ples, but no definitive etchant for UN was 


Fig. 17 show in a piece of 


were used on these 
found 
a cluster of inclusion 


as-reduced uranium that was identified by X-ray 
diffraction as UN. This specimen was prepared for 
examination by Method I. These irregular inclu- 


sions are very similar to those shown in Fig. 16 
A section of a uranium ingot that had been induc- 
a nitrogen atmosphere appears 


hown were identified by 


tion-melted 
in Fig. 18 


The inclusions 
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ov Merat 


18—Micrograph shows section of a 
uranium ingot induction-melted in a ni 
trogen atmosphere, as polished Inclu 
sions have been identified by X-ray dif 


fraction as UN. X250. Area reduced ap 
proximately 25 pct for reproduction 


Unlike the inclusions found in Fig 
haped in the form of 
cube various angle Al- 
though the nitride particle imilar to UO 
inclusions, they can be distinguished from UO by 
the fact that they do not exhibit fade-out 

When uranium metal containing UN as well as 
UO, UC, UO.,, and fluorides is etched with the 10 pct 
citric acid solution (Method II), a possible differen- 
tiation among the inclusions can be made. With thi 
etchant, UC is stained golden brown while UO re- 
light gray. The appearance of UO. or the 
The UN inclusions assume a 
mall amount of experience 


X-ray as UN 
16 and 17, these are regularly 
that have been cut at 


appeal 


main 
fluorides is unchanged 
pinkish cast and, with a 
can be readily distinguished from the other inclu- 
ions present. Unfortunately, these shadings can- 
not be shown in black-and-white photographs, 
where the color of the UN appears essentially the 
ame as that of the UO 

As a result of the work described here with the 
UN inclusions, it is believed that metallographers 
may become familiar with the appearance of UN to 
such a degree that identification can be accomplished. 


Conclusions 

This investigation has developed metallographic 
means for distinguishing the several nonmetallic 
inclusions (MgF,-CaF,, UC, UH,, UO, UO., and UN) 
in uranium. The work was done with the type of 
most commonly encountered by uranium 
The methods described for identi- 
inclusions should prove useful in 


metal 
metallographet 

fying the variou 
estimating metal quality 
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Pacific 


The Olympic Hotel in Seattle, Washington will be 
host to AIME members when they convene May 3 
to 5 for the Fifth Pacific Northwest Re, 
ference. Co-sponsored by the Oregon, North Pacific, 
and Columbia Sections, the conference will be ad- 
dressed by Grover J. Holt, President-Elect of AIMF 
Mr. Holt, who is general manager of the ore mining 
dept., Cleveland-Cliffs Iron Co., Mich 
will be the featured speaker at the banquet sched 
uled for Friday evening, May 4. Earl R. Marblk 
American Smelting & Refining Co., Tacoma, will 
erve as toastmaste! 

The impressive roster of 
don Parr, assoc. prof. of metallurgy, University of 
Alberta, who will addre the Metals Branch Lunch 
eon on Thursday, answering the query, How Doe 
the Metallurgist Get the Urge’? The Mining Branch 
will hear Desmond F. Kidd, CIM Past-Pre 
president and general manager of Attwood Copper 
Mines Ltd., who will speak on This Progress of Our 
at the luncheon scheduled for May 4 

Mr. Kidd, who ha 
since 1935, graduated from the University of British 
Columbia where he received a B.S. degree in Geo 
went on to earn a Ph.D 


ional Con 


Ishpeming 


includes J. Gor 


peaket 


ident and 


been a consulting geologist 


logical Engineering. He 


THURSDAY, MAY 3 


9:30 am 


Room B 


Physical Metallurgy Division 


Chairman: E. C. Roberts, Associate Professor of Metallurgical 
Engineering, University of Washington, Seattle 
Resistance of Aluminum to Pitting Corrosion in Sea 

Water: T. J 

and M. J 

metallurgical research, Kaiser 
Spokane 


Summerson, research chemist, 
ade pt ot 
Aluminum & 


Pryor, assistant director 


Chemi« al Cor p 


Hot Water Corrosion of Zirconium: M. D. Carver and 
E. T. Hayes, physical metallurgy branch, U.S 
Bureau of Mines, Albany, Ore 


Hydrogen Pickup of Titanium and Zirconium During 
Processing and Fabrication: H. Kato and R. L 
Carpenter, U. S. Bureau of Mine Albany 
Ore 

Metallography of Irradiated Materials: J. R. Morgan 

Hanford Atomic Product 

Electric Co Richland 


radiometallurgy unit 
Operation, General 


Wash 


Some Effects 


aime 


news 


Northwest Sections Plan Conference 


at Princeton in 1933. While an undergraduate, he 
tudent assistant with the Geological Survey 
of Canada and by 1930 held the position of staff 
veologist From 1929 to 1931, Kidd was a member 
of the group that completed the geological explora 
tion of the northwest coast of Hudson Bay. Later, 
he investigated the uranium deposits in Great Beat 

A member of AIME since 1942, Mr. Kidd wa 
ident of CIM for the year 1952-3 

A choice of three tours | 
In Seattle, a visit to the Kaiser Gypsum Co. wall 
board plant ha one of the most 


became 


Lake 
open to those attending 


been arranged. It is 
modern in the industry and the only one of its kind 
in the Pacific Northwest. This trip will also include 
tops at the Glacier Sand & Gravel Co., a Kaiset 
ubsidiary, and the portland cement distribution 
plant, Permanente Cement Co 

Visitor to Renton will be hown through the 
extensive plant of the Pacific Car & Foundry Co., 
while the Tacoma bound group will take in the 
American Smelting & Refining Co melter 
aluminum reduction 


coppelr 
and refinery and the Kaiser 
plant. Round-trip bu 

ranged for all the tour 
including the plant trip 


transportation has been at 
Ladies are invited to all 


conference activitse 


Properties of the Heat-Treatable Alloys, 7178, 7079, 
and 6066: M. C. Fetzer, head, physical metal 
lurgy branch, dept. of metallurgical research, 
Kaiser Aluminum & Chemical Corp., Spokane 


12:30 pm Olympic Bowl 


Metals Branch Luncheon 


Toastmaster: J. G. Johnston, chief 
jethlehem Pacific Coast Steel Corp., 
Speaker; J. Gordon Parr, a professor of 
metallurgy, University of Alberta, Edmonton 
Subject: “How Doe the Metallurgi t Get the Urge?” 


metallurgist, 
Seattle 


ociate 


2:00 pm Room B 
Physical Metallurgy Division 
Chairman: Earl C. Roberts, School of Mineral Engineering, 

University of Washington, Seattle 

Studies of Iron-Chromium Alloys: H. G. Anderson 

chool of mineral engineering, University of 

Washington 

of Particle Si 


tion J.G. Parr, associate 


Seattle 

ze on Phase Transforma 
or of metal 
lurgy, dept. of mining and metallurgy, Uni 
versity of Alberta, Edmonton 
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Chicago 


Photographs powder, 
fibre or block specimens 
at 1400 C and higher 


Branch Offices 
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New Unicam 


high temperature 
X-RAY 
DIFFRACTION 
CAMERA 


Here is the first x-ray diffraction camera you can 

use for both oscillation and rotation photography 

of mineral specimens whether in powder, 

fibre or small block form at closely controlled 

ultra-high temperatures. The camera 

prototypes developed to meet rigid standards of 

the B.S.A. Group Research Center, England 

has been thoroughly proven in diverse research 

and production control applications 

Note these exceptional advantages 

VERSATILE holds powder, fibre and block specimens 
which may be rotated, oscillated or vertically scanned 

RELIABLE all temperatures up to 1400°C are constant 
with time, uniform over exposed area and easily 
measured with accuracy 

EFFICIENT COOLING water cooling drops temperature 
from 1000°C to 100°C in only 31 min cuts 
time lag between photographs 

HIGH VACUUM efficient seals make it possible to 
support vacuum of 0.01 micron 

FAST EXPOSURE TIME 1% to 2 hour exposures for 
fibre specimens, 42 to 142 hours for glancing-angle 
photographs on metal or ceramics 

SEPARATE CONTROL UNIT self-contained control 
unit and temperature indicator may be located 
adjacent to camera or remotely 

Write for Technical Bulletin S 


based on 


150 today 


JARRELL-ASH COMPANY 


20 Farwell Street, Newtonville, Mass 


Los Angeles (Overt 
Pittsburgh, Pa 


Atlante, Ge 


Pale Alto, Cal 
Mich Y 


itt, Muskegon New York, WN 


spersion Hardening of Lead and Zin An Interim 


Report D. N. Willian a tant chief, and 
R. I. Jaffee, chief, nonferrous physical metal- 
lurgy div Jattelle Memorial Institute, Co- 
lumbus, Ohio 


Properties of Quaternary Alloys Based on 
yosition, Mn,.Al,C,X: F. S. Death 
tudents, and H. P 


metal 


VMaqgnetu 
the Comj 
and L. Howe 
el a 


University 


graduate 
tant 
of British Columbia 


or of 


Vancouver! 


FRIDAY, MAY 4 


Room B 


9.00 am 
Iron and Steel Division 


Chairman: Lloyd Banning, Chiet, Branch of Pyrometallurgy, 
U.S. Bureau of Mines, Albany, Ore 


A Metallurgical Evaluation of Scrap for West Coast 
Ingot Production: L. W. Heinzinget 
upervisor, Bethlehem Pacific Coast Steel 


Seattle 


metallur- 


gical 


Corp 


Steelmaking Processes in the United State Trend 


and Some Recent Development 
Harris, iron and steel specialist, U. S. Bureau 
of Mine Washington, D.C 


A New Approach in Electric Pig Iron Smelting: F.C 
earch manager, Als, Oslo, Norway, 
chief 
earch Station 


Collin, re 
and O. A. Grytting, 
Electro Kemisk’'s Re 


ection 


melting 
at Fiskaa 


Verk, Kristiansand, Norway 
A New Merchant Bar Mill in Alberta: G. R. Heffer- 
nan, managing director, Premier Steel Mill 


Ltd., Edmonton, Alberta 
Procurement of Quality Steel for 
Herr, Boeing Airplane Co 


Aircraft Use: Fred 


Seattle 


Junior Ballroom 


2:00 pm 
Extractive Metallurgy Division 


Chairman: R. E. Shinkoskey, Manager, Tacoma Smelter, American 


Smelting & Refining Co., Tacoma, Wash 


Phosphate: for the West: R. J. Me 
and 


Analysi 
Nally, assistant manage! ulfurs 
liquid SO, dept., American Smelting & Refi: 
Salt Lake City 

Ore and Concentrate Handling and Bedding at the 
Smelter: Martin L. Pla assistant 
uperintendent, American Smelting 
Tacoma, Wash 

A. Mitchell, super- 
Melvin, plant 


High 


acid 
ing Co 


Tacoma 
general 
& Refining Co., 
New Sinter Plant: E 
intendent, smelting dept., J. F 


Cominco 


uperintendent, sintering plant, and R. Bain- 
bridge, assistant uperintendent of develop 
ment, Consolidated Mining & Smelting Co 


Canada 


Ltd., Trail, B. C 


Nodulizing Practice at Manganese, Inc.: W. Kendrick 


kiln superintendent, Manganese Inc., Hende 
on, Nev 
6:00 pm Junior Ballroom 
Pre-Banquet Cocktail Hour 
Admission by Banquet ticket 
7.00 pm Olympic Bow! 


Conference Banquet 
Earl R Marble, Ame 
Re fining Co Tac oma Wa } 
Holt, AIME Pre 
manager, ore mini! dey Cleve 


land-Cliffs Iron Co., Ishpeming, } 


ican Smeltir & 


Speaker: Grover J 
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1956 Annual Meeting 


New York Sets 
All-Time Attendance Record 


Topping all previous records, the hale, representing the CIM, brought his work in developing the oxygen 


AIME Annual Meeting held in New greetings from Canada process for steelmaking. This proc 

York February 20 to 23, saw a turn The luncheon featured a speech by ess has been used in the operation of 

out of 4178. To accommodate this Jesse C. Johnson, director of the div steelworks in the U. S., Canada, Eu 

large attendance, AIME split their of raw materials, AEC. Discussing rope, S. A., and the Far East 

meetings between two hotels, the The Romance of Uranium, he point- Others who were honored include 

New Yorker for the Metals Branch ed out that, “Uranium prospecting M. O. Holowaty who received the 

and the Statler for Mining and Pe- has attracted more people, including J. E. Johnson, Jr. Award for hi 

troleum Branche When the groups people without mining experience, tudies in improving the permea- 

joined forces for the Annual Ban than any other mining excitement bility and productivity of the sinter 

quet on February 22, they needed ince the 1849 gold rush , ing proce J.J. Gilman whose work 

the largest hotel for this sellout Mr. Johnson closed his speech with in the field of plasticity of crystals, 

affair, which prompted the choice of the following remark won him the Rossiter W. Raymond 4 

the Waldorf-Astoria “This is only the first chapter in Award, The Mathewson Gold Medals / 
For those so minded, the Annual the romance of uranium mining were given to Earl R. Parker, Jack 

Meeting schedule packed the spaces Under the stimulus of military re Washburn and Eugene H. Edwards 


between the sessions with an array quirements, the uranium industry is Guest speaker at this dinner was 
of breakfasts, luncheons and dinners approaching a $500 million a year Erwin R. Biel, professor of meteorol- 
The New York Section deserves par busine The real market will come ogy at Rutgers who described The 
ticular credit for the entertainment with a development of atomic power.” Influence of Weather on You 
at the Monday night Dinner-Smoker. The decision to change the AIME Meetings—Sessions—Lectures 
and for the caliber of the music and to include Petroleum Engineers, first The busine meetings began with 
prizes at the Informal Dance which uggested at last year’s Annual Meet the Council of Section Delegates who 
followed the Branch Dinners Tues ing, was made official at a pecial met on Saturday morning. Sunday 
day night busine meeting of the national con- was devoted to the educators who 
vention on Tuesday afternoon convened all day at Columbia Uni 
Welcoming Meeting Metals Branch Dinner versity, Then on Monday four full 
That evening the Metals Branch day of technical essions com 
The first major event was the Dinner was the scene of the presen menced 
Welcoming Luncheon Monday noon tation of a number of major award 


Annual Meeting 


at which time President H. DeWitt Chairman J. H. Seaff conferred the 
Smith introduced C. E. Reistle pres- Robert W. Hunt Award, in absentia Unusual circumstances surrounded 
ident-elect of AIME. Alfred N. Pen- on Otwin Cuscoleca of Austria for two men scheduled to be honored by 


the AIME. Due to the untimely death 
of Father Jame B. Macelwane, 
hortly before the annual meeting, 
the Jackling Lecture was cancelled 
Fred J. Mick made the presentation 
of the award plaque which was ac 
cepted by Ross Heinrich on behalf of 
St. Louis University where Father 
Macelwane had erved as Dean and 
professor of geophysical engineering 

The Howe Memorial Lecture wa: 
presented posthumously in behalf of 
Herbert J. French of International 
Nickel Co. Inc., whose death in Aug 
ust, 1955 ended a brilliant career in 
metallurgy John W Sand of Inco 
research div. delivered the peech 
which he had completed in collab 
oration with Oscar O. Miller, head 


of the company research labora ® 
tory teel section The were able to 
draw upon material accumulated by a 
Mr. French, on the commercial hj 5 
tory of engineering alloy tee] 
Tracing this history bac Kk to 1469 Boat 

At the Welcoming Luncheon on Monday the guests caught something of the romance the lecture recalled that the earliest We 

of uranium in the talk by quest Jessie Johnson, head of raw materials activity for the teels were heavily over-alloyed fo ; 

AEC. Left to right: LE Elkins, AB Kinzel, Jessie Johnson, and AIME Presidents protection, which proved unsound 

H. DeWitt Smith, and CE Reistle, Jr economically. Then as tec hnological 
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de, it was found the Benjamin F. Fairle Award to ions, presented by Mary Gordon 


advance were na 
that the ke expensive steels could Stephen M. Jenks. The speech to the travel adviser to TWA 
be used satisfactoril Janquet audience by Carl E. Reistle 

The Institute of Metals Annual J ncoming AIME president, ap- Credit Where Credit is Due 
Lecture on Wednesday morning fea peared in the March issues of Jour- Members responsible for the suc- 
tured a speech |} Andre Guinier of JAL OF METALS and MINING ENGINEER- cess of the Annual Meeting include 
Paris who discussed The Precipita ING in “Drift A special feature at General Committee: John H. Ffol- 
tion Phenomena in Supersaturated the Banquet was a talk by Secretary liott, Chairman; James S, Vanick 
Alloy This division lecture was un of the Treasury George M. Humph- Alvin W. Knoerr and Sidney S 
der the spervision of chairmen H rey who wa voted an Honorary Goodwin, Vice-chairmen; G. Howard 
DeWitt Smith and J. S. Smart Member of AIME Le Fevre, Secretary Walter P 

Formalities at the Extractive Met The citation given Mr. Humphrey Schmid, Treasurer , 
allurgy Div. Stag Luncheon were vas presented “in recognition of hi Reception Committee Robert Ful- 
ably expedited by A. W. Schlechten able administration of large corpo ton, Chairman; Forrest E. Allen 
who also presented a plaque to past rate enterprises in the U. S., his in Evan Just, Milton A. Lagergren 
div. chairman P. T. Stroup. Also aginative and far-sighted leadership J. R. C. Mann, Richard D. Mollison 
presented for the first time was the in opening up the vast iron deposit and Frank N. Spencer 
EMD award to T. R. A. Davey, an of Labrador. his achievements and Banquet Committees ( DeWitt 
Australian now in Germany. Guest ervice to the nation as Secretary of Smith, Chairman; John T. Sherman 
lecturer at the luncheon was Dean the Treasury, and the sound judg Vice Chairman; Austin Goodyear 
Curtis L. Wilson of the Missouri ment. integrity, understanding and Charles A. R. Lambly, Frederick R 
School of Mines who spoke on The courage which are his and which McIntosh, Mrs. Domingo Moreno, 
Road to Survival have brought him great responsi Mrs. David E. Park, Earl M. Rees 

Presiding over the Bessemer Cen bility and high honor at home and and Richard P. Seelig 
tennial Luncheon on Thursday, Feb abroad Dinner-Smoker Committee: David 


T. Steele, Chairman; A. L. Hotch, 
. Lou » Can of Phelps Dodg William Mudge, J. K. Reynolds, 
Corp. who also became an Honorary Sehest Menkes 
memorating 100 years of steelmak Member, was cited for “his outstand ; has . 
ing, the group also talked of a pro ‘ Welcoming Luncheon Committee 


23 Wa A BB. Wilder Chairman of 
the Pe emer Steel Committee. Com 


yjosed trip to the Lorain Work of 
S Stee! cheduled for April 25 Atkinson, Philip Bucky Norman H 
1956. Howard Biers, Union Carbide im the Bas Donald, Jr. Richard W Engli h, 
& Carbon Corp., also introduced the dated Copper Corp. and the Phelps Mrs. Evan Just, Mr J. R. C. Mann 
foreign visitors present Corp. H wn t and Lendall P. Warrinet 
, Informal Dance Committee: Louis 
i leader in these fields deeply war Bierre Lack Chi 
lerre aoux, lairman lar 
Annual Banquet rants this recognition by the Insti Gow, Carleton S. Harloff. Mrs 
Highlighting the many varied tute he has served so well as Presi- Robert Hills and Russ McIntyr 
activities was the Annual Banquet dent, and, for many years, Director Cocktail Party Committee: James 
treamlined this year to include only AIME new president, C. E Boyd, Chairman; Phillip L. Merritt, 
the major awards. Chairman and Reistle, Jr., presented the Charles F Robert H. Ramsey, Earl M. Rees and 
Toastmaster H. DeWitt Smith hon Rand Medal to H. Je Witt Smith John F. Ryan 
ored the following men: Charles R for distinguished achievement and Souvenirs Committee: L. H. Hart 
Kuzell who received the Jame inspired leadership in the adminis- and Edward M. Connaughton 
Douglas Medal; Loui Juchman re tration of all phases of the Mining Ladies Entertainment Committee 
cipient of the William Lawrences Industry included: Mrs. H. DeWitt Smith and 
Saunders Medal and R. Livingston Among the many activities of the Mr C. E. Reistle, Jr.. Honorary 
Ireland, the Erskine Ramsay Medal WAAIME was a tuncheon fashion Chairmen; Mr H. R. Norsworthy, 
ist. The Robert H. Richards Award how at the Waldorf-Astoria on Chairman; Mrs. D. E. Park, Vice 
went to Arthur W. Fahrenwald; and February 22, Thirty Years of Fash- Chairman 


Past Presidents Gather 


"4 


~ 


4 
~ 


a 
vas ath 
/ 
A private luncheon of AIME Past Presidents brought together: (seated, left to right) tt he —. 
Donald B. Gilles, Scott Turner, Herbert Hoover, John M. Lovejoy, and Herbert G As ie So 
Moulton; (standing, left to right) H DeWitt Smith, W. M. Peirce, John R. Suman, Xo item 
Eugene McAuliffe, Champion H. Mathewson, Louis Cates, Donald McLaughlin, 1 


Clyde Williams, Andrew Fletcher, and Leo F. Reinartz At right is the signature sheet 
passed around the group during the meeting 
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RIGHT: At the Metals Branch Dinner, outgoing Institute of Metals Div. Chairman J S Smart makes the presentation of the 
Mathewson Gold Medal to the co-winners, Earl R. Parker, Jacn Washburn, and Eugene H Edwards LEFT: Jack Scaff, out 
going chairman of the Metals Branch Council was the toastmaster at the Metals Dinner—scene of award presentations as well 
as of interesting talk on how the weather can be changed 


Hydrogen in Steel An audience of 


Session Reports — 250 attended the joint se ion of the 
lron and Steel Division ISD and IMD to hear discussions on 


the most recent investigations on the 
Oxygen Steelmaking—The wide tice, the use of oxyger irted a effects, of in 


pread interest in the use of oxygen oon a he batt melted le l, or hehavior of hydrogen in steelmaking 


to increase production rates in steel when the carbon content is below adi stuaieesising alee CR. Simcoe 
making was shown by the large at 45% At this point, the oxygen of Battelle Slemsenial Institute Fe 
tendance at this session. Approxi lance is lowered to about 4” above shemale effect of hydrogen in 
mately 250 were present to hear the the bath, a bath sample is taken for taal and thi ituations which re 
two papers presented chemical analysi and the oxygen cently have focused attention on 

G. W. Healy and D. C. Hilty of blow tarted When the carbon hydrogen as a possible contributing 
Electro-Metallurgical Co. described analysis of the bath ts available, the a catastrophic failure in 
their methods for calculating the quantity of oxygen required for de . B. B. Muvdi reported on the 
heat balance of an electric furnace carburization is calculated. An in effects of hydrogen in embrittling 
during oxygen blowing and for esti tegrator on the oxygen recorder con pecimen of ultra high trength 
mating the concurrent change in tinually records the amount of oxs 4340 steels which had been cathodi 
chromium analysis in the manufac- gen used. A oon as the required cally cleaned or plated. Failure un 
ture of high chromium steel Of volume of oxygen has been deliv der sustained load was found to re 
particular importance and interest ered, the furnace is tapped without ult from development of a surface 
vere the data on blowing rates further reference to the carbon crack which through growth re 
which indicated that the smaller the analysi duced the load-bearing cro ection 
heat size, the larger the critical Discussion of Dr. Kesterton’s pre w J larnett discussed recent 
oxygen input rate required to main entation howed the considerable tudies on crack propagation induced 
tain the action. If the oxygen input interest in this new development i by hydrogen and its relation to brit 
rate dos not exceed this critical open hearth steelmaking. The ad tle fracture of steel He vas fol 
rate, the bath loses temperature and vantage in increased productivity lowed by Henr Epstein who dealt 
fail to decarburize atisfactorily are highly attractive It 1 ife to with whavior of hydrogen in 
Also of considerable interest were predict that additional installation ‘ lin in acid open hearth 
the data showing that the curve of for oxygen injection through the asic open hearth, and basic electric 
temperature versus oxygen input open hearth roof will soon be made In each type of furnace 
flatten at high blowing rate and G. H. Enzian nye ren content wa observed 
that the maximum temperature at 
tained is more a function of the ini 
tial chromium content than the 
amount of oxygen used. The discu 

ion afterward emphasized the im 
portance of silicon content and the 
desirability of low ilicon in the 
charge 

Lively di ion followed A 
Ke terton papel de 
of an oxygen lance through the open 
hearth roof at the Steel Co. of Wale 
Ltd Dr Kesterton detailed the 
mechanism developed for a perma 
nent roof installation to introduce 
oxygen through a water-cooled lance 
in the center of the open hearth fur 
nace, and the results of making sev 
eral thousand 225-ton heat d Leaders of the Womens Auxiliary present at New York included Mrs. H DeWitt Smith, 
much as % hours heat time F Mrs. Theodore Nagle, Mrs H W. Hardinge, WAAIME President Mrs. Robert D 
been saved in the manufacture Coombs, Mrs. C. W. Clarke, Mrs H A. Prasser, and Mrs. Reed W. Hyde Mrs. Clarke, 
07 carbon rimming steels. In prac Mrs. Prasser, and Mrs. Hyde are from Canada 
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At the Powder Metallurgy Luncheon, left to right: G L. Bibbins, P. Kalischer, H. Haus 
ner, Carl Johnson, C. G. Goetzel, §. J. Grant, F. V. Lenel, and Oliver Preston 


to decrease during the carbon boil 
harply increase at such time 
as the bath action wa topped J.H 
Walsh supplemented the latter re- 
ults by howing the relative levels 
of hydrogen in the slags for the same 
heat tudied by Mr. Epstein. The 
availability of a reliable technique 
for determining the hydrogen con 
tent of slag to provide sig 
nificant advancement in understand 
ing and controlling the behavior of 
hydrogen in teelmaking—D. L 
McBride 

Hydrogen Embrittlement ses 
ion, held jointly with ISD on Wed 
nesday morning, was under the di 
rection of chairmen Harold Margolin 
and D. J. MePherson. The opening 
peaker, E. J. Ripling, Continental 
Can Co., pointed out the analogy be- 
tween steel and hydrogen embrittle 
ment of a alpha-beta 
titanium alloy. The ame type of 
train rate effect are observed in 
both materials. The next two report: 
presented by Robert I. Jaffee were 
prepared in collaboration with his 
co-workers at the Battelle Memorial 
Institute, G. A. Lenning and C. M 
Craighead (now deceased) In the 
discussions following the first paper, 
The Effect of Testing Variables on 
the Hydrogen Embrittlement of Ti- 
tanium and a Ti-8Mn Alloy 


and to 


promise 


commercial 


some 


- 


At the Bessemer Centennial Luncheon, left to right 


*) 


significant Westinghouse research re 
ults were revealed. These showed 
that porosity was obtained in zir- 
conium-hydrogen alloys after tensile 
testing. The holes corresponded to 
the previous location of the zirconi- 
um hydride and thus accounted for 
the lower ductility.—H. Margolin 
Symposium on Structure of Slags, 
Mattes, and Fused Salts—-At the 
joint session with the Iron and Steel 
Div. the lead-off paper was a re 
view of our present knowledge of 
slag structure prepared by Professor 
R. Schuhmann, Jr., of Purdue Univer- 
sity. Interpreting the properties of 
lags in terms of structural models 
will suggest experiments and can 
lead to the design of slags with de 
irable properts even though we 
have incomplete knowledge of the 
ultimate tructure 

L.. Yang then presented data show- 
ing that the addition of 20 mol pct 
CuCl to CuwS lowered the conduc 
tivity to le than one fourth the 
value of pure Cu,S and increased the 
current efficiency from 0 to 70 pet 
This shows that the conductivity of 
CuS is largely electronic but trans 
form when CuCl is added 

John Chipman then presented data 
on the diffusion constants of calcium 
and silicon determined by the radio 
active tracer method. These values, 


to 1onk 


4 


~ 


standing) W. McGerrity, S. J 


Dougherty, L. T. Sanchez, K. L. Fetters, K. E. Snyder, J. F. O'Brien, J. P. Ely, W. H 
Mayo, A. J. Sottile, and C. C. Benton; (seated) G. McMorran, A. 8. Wilder, H. Graham, 
G. Yocom, J. M. Stone, R. E. Edwards, and F. J. McMulkin 
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Featured speaker at the Extractive 
Metallurgy Div. Luncheon was Dean 
Curtis L. Wilson, whose topic empha 
sized the dangers facing our civiliza 
tion if we are too complacent 


together with data on conductivity 
and viscosity, permit calculation of 
the probable ion forms. Ear! Roland 
described a back emf method for 
simple determination of equilibrium 
and decomposition potentials of 
metal deposition reactions in fused 
salt systems.—G. Derge and R. C 
Buehl 
Sintering—This session began with 
a paper on Reducibility of Tron 
Ores by G. Odone and G. Milanese 
of the Cornigliano Co. of Italy, pre- 
ented by E. Marshall. The author 
who conducted their tests in hydro 
gen and carbon monoxide atmos- 
phere, reported result imilar to 
those obtained by other investigators 
T. L. Joseph presented a very in 
teresting paper on Reaction Zones in 
the Iron Ore Sintering Process pre- 
pared in collaboration with R. D 
Burlingame and G. Bitsiane: By 
quenching the sintering bed at vari- 
ous stages of the proce and subse- 
quently impregnating the bed with 
plastic mounting material, the au 
thors were able to show the individ- 
in which drying, calcining, 
were 


ual zone 
reduction and fusion reaction 
taking place 

The paper entitled Effect of Sinter 
Mix Composition and Additions on 
the Quality of Blast Furnace Sinter 
by E. C. Rudolphy, C. W. Boquist 
and D. J. Carney, U. S. Steel Corp., 
was presented by Mr. Rudolphy 
Among the additions found to im- 
prove the quality of sinter were roll 
scale, ore fine blast 
furnace slag, and carbon. Lime and 
magnesia had a detrimental effect on 
the quality of sinter 

At the conclusion of the 
given the rare oppor- 
tunity to view an unscheduled film 
on the European Low Shaft Blast 
Furnace which was presented and 
explained by P. Coheur of Liege 
Belgium. A lively discussion on sin- 
tering and low shaft blast furnace 
problems ended this morning ses 
sion.—M. O. Holowaty 


return fines 


reports, 
the group wa 


P 
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Award winners in the Metals Branch included the members 
retary of the Interior Felix Wormser, Mrs. Wormser, Honorary of this group at the Annual Banquet. Left to right: Earl R 
Member and Secretary of the Treasury George Humphrey, and Parker, Otwin Cuscoleca, Eugene H. Edwards, John J. Gilman, 
AIME Past President Donald Gilles and Jack Washburn 


Among the quests at the Annual Banquet were Assistant Sec 


Two of the Student Prize Paper winners compare notes. Left, Mrs. M. O. Holowaty looks well pleased as she stands with 
E A. Freeburg, and right, Mrs. and Mr. W. L. Steinbrenner her husband, winner of the J. E. Johnson, Jr. award 
Mr. Steinbrenner's paper was entered by the Pittsburgh Section 


Institute of Metals Division Session Reports 


Teaching of Metallurgy to Non- the extreme range extending from the English authors, C. E. Richards, 
metallurgists Th: ession of the materials engineering to a simplified E. V. Walker, and A. C. Lynch, and 
Education Committee was held on physics-of-solids approach H. Evans, C. G. Smith, and D. K 
Sunday at the Columbia University n econd half of the ion Worn. Their prime concern was with 
Faculty Club. Devoted primarily to y point of view wa the production of permalloy sheet 
and Youn of General using the powder metallurgy tech 
tressed the need for nique 

fundamental in thi The next two paper dealt with 


teaching in engineering school 
universiti the program featured 

talks by John Wulff, Massachusett in 

Institute of Technolo A. J. Shaler period of rapidly changing technol titanium carbide cermets. H, Blu 
Pennsylvania ‘Sti Iniversity and r H. Hanink, Curtis Wright menthal and R. Silverman drew at 
G. T. Horne, Carnegie Institut f Corp., analyzed the functions of the tention to the influence of various 
Technology They described i materi ngineer in an industry factors on infiltration. L. P. Skol 
ervice cou! offered by thei producing mechanical equipment nick described the microstructural 
partment ) and underscored the importance of changes observed after various in 
t of the practical kn vledge These talk filtration time and offered a por 


followed b lively discussion ible explanation 


John P. Ni Nev rk Un vere 


which j » encompassed the position The remaining three papers were 
of the metallurgist in nonmetallurgi concerned with SAP. In 4 paper pre 


cal companu ented by S. K. Nowak, the French 


yn follo i Research Summaries on Powder author J. Herenguel, P. LeLong 
technique Metallurgy—The first two papers of and M. LeNouaille, showed that SAP 
ind instruc the morning session were presented can be anodised although the condi 
especially together by E. M. Wise on behalf of tions of treatment differ from those 
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Picture Roundup at the Annual Meeti 
a ee ing 
a 
aig 
versity immarized the results of 
a que tionnaire which had been an een 
vered by 40 departments of metal ee ia 
lurs A spirited discu bere 
which covered teachi 
motivation of student 
tor ind ubject matter 


New! A first-hand account of 
the most recent developments 
Reported by 35 active research workers 


HIGH TEMPERATURE 
TECHNOLOGY 


Materials, Methods, Measurements 
Editor-in-Chief, |. CAMPBELL 
Battelle Memorial Institute 
Sponsored by The Electrochemical Society 
Developments of special materials of construction 
for use at extremely high temperotures are here 
presented by outstanding authorities in the field 
Now for the first time, workers hove access to a 
convenient, well-rounded source of these dota 


19%6 526 pages $15.00 


INDUSTRIAL FURNACES 
VOLUME Il 


Third Edition 

By TRINKS, Associated Engineers, Pittsburgh 
Everything you need to know for efficient furnace 
operation is at your fingertips in this new com 
prehensive edition, which incorporates the latest 
available information on fuels and electrical en 
ergy plus devices for converting them into useful 
heat 117 new illustrations 
1955 158 pages 305 illus $10.00 
(3) 


VOLUME | Fourth Edition 1951 526 pages 


435 illus $12.75 


‘ PRINCIPLES OF ELECTRIC 
UTILITY ENGINEERING 


By CHARLES A. POWEL, formerly of 
The Massachusetts Institute of Technology 


Provides @ complete, concise coverage of the en 
tive electrical utilities field from corporate struc 
tures to government controls, and from sources of 
energy and transmission to financial returns 
Written by an author with 43 years of experience 
in the field 


1955 25! pages 


SMALL-ANGLE SCATTERING 
OF X-RAYS 

By ANDRE GUINIER, Universite de Paris, and 

GERARD FOURNET, Ecole Superieur de Physique 

et Chimie, Paris Translated by CHRISTOPHER 

WALKER, University of Chicago 

1955 264 pages hus $7? 50 


ABSTRACTS OF THE 
LITERATURE ON 
SEMICONDUCTING AND 
LUMINESCENT MATERIALS 
AND THEIR APPLICATIONS 
1954 Issue 


Compiled by the Battelle Memorial Institute and 
Sponsored by The Electrochemical Society, Inc 


1955 200 pages Spiral Binding $5 00 


115 $6.00 


(7) 1953 Issue 


1955 169 pages Spiral Binding 


MAIL THIS COUPON NOW FOR YOUR 
ON APPROVAL COPIES 


JOHN WILEY & SONS, Inc 
440 Fourth Ave. New York 16. N.Y 
Please send + the book 
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used for conventional aluminum. F 
Lenel and hi collaborators ap 
proached the difficult problem of the 
metallography of aluminum powder! 
employing carbon film 
electron miucro 


extrusions by 
replicas under the 
cope 

During a luncheon of the Powder 
Metallurgy Committee at large, the 
outgoing chairman, C G. Goetzel 
gave a brief review of the activities 
of the during the past 
year and of the considerable expan 
ion which the field as a whole ha 
experienced in 1955. New officer 
were installed for the year 1956-57 
The new chairman 
briefly advanced plans for the forth 
coming activities of the committees 

The speaker at the afternoon sym 
posium session was N. J. Grant of 
M.LT.. who talked on SAP and Re- 
lated Processes. After discussing the 
properties and nature of SAP on the 
basis of work previously carried out 
in the laboratory, Professor Grant 
went on to describe more recent 
work on materials made from mix- 
ing very fine metal and metal oxide 


committee 


powders 

Professor Grant was assisted by 
his colleague, O. Preston, in answer- 
ing numerous question The im- 
portance of the metal—metal oxide 
bond—and the merits of adding dis 
persions by internal oxidation were 
topi raised in the discussion 
Claus G. Goetzel 
Titanium Symposium — Under the 
able leadership of Julian Glasser 
and W. R. Opie, about 225 person 
were brought up to date on produc 
tion of titanium sponge and ingot 
P. J. Maddex underlined the growth 
of the industry. In 1955, 1900 tons 
of finished titanium was preduced 
worth $60 million—the 
1956 will be double thi 
going up price l 
ponge has gone 


value for 
While 
value 1 going 
down—-in two 
from $5.00 to $3.45 per Ib 
C. G. Hatch described electric fur 
nace smelting of Allard Lake ore to 
produce a 70 pet Ti-7 pet Fe lag 
and a good 2 pet C iron product 
R. J. Krieger used an excellent 
group of slides to illustrate the work 
which has insured sound low-hydro 
yen nonsegregated ingot of a iz 
comparable to 5 or 6 tons of steel 
Double vacuum melting of consum 
able electrode and use of master 
alloys are the principal advances 
M. A. Steinberg thoroughly cov 
ered information available on vari 
ous extraction process¢ while sodi 
um reduction of TiCl, is commercial, 
proce ‘ are not The most 
electrolytu process ap 
based on consumable 


oxide 
promising 
peal to be 
anode 
During the very active discussion 
audience and pane! alike contributed 
Sponge produced in 1955 was 4100 
ton Kroll proce MgCl, is very 
pure and easily recy¢ led. A. C. melt 
ing of ingots is not used but should 
be investigated. Kellogg's paper was 
referred to for general “not unreal 


Johnson, 


istic” cost figures. I. E. Weber of 
GSA gave $3-5000 per ton-year as 
capitalization cost. Since about 99.5 
pet of present producers are confi- 
dent of new processes, present prices 
reflect high R&E costs. Mr. Alexan- 
der of ICI confirmed their $3.00 
ponge price. While new processes 
may not be continuous, a distinct im 
provement over the Kroll process 
hould be po ible. MgO-base chrome 
magnesite refractories are used in 
the smelting furnaces.—O. W Moles 
Powder Metallurgy—The annual 
eminar session Thursday afternoon 
was addressed by N. J. Grant on 
SAP Type Material: Dr. Grant de 
scribed the experiments he and his 
colleagues have made at Massachu- 
etts Institute of Technology, on cop- 
per base and nickel base materials, 
which contain an insoluble oxide as 
a second phase. These materials, as 
well as molybdenum base materials 
studied at Battelle Memorial Insti- 
tute, are characterized by improved 
tre rupture properties at ¢ levated 
temperatures. These properties are 
attributed to the same strengthening 
mechanism which operates in extru- 
ions made of flake aluminum pow- 
der (SAP) such as the strengthening 
effect of an insoluble second phase 
very finely divided in a metallic ma- 
trix. Although the work on these 
material other than alumi- 
num, is still in its beginning, it has 
aroused great interest because of po- 
tential applications for high temper- 
ature material 

Dr. Grant’s presentation was fol 
lowed by a very lively discussion 
which lasted over an hour and un- 
derscored how little is known yet in 
this new field.—F. V. Lenel 
Diffusion and Internal Friction—At 
the Tuesday morning session the 
mechanism of self-diffusion 
pied the attention of an audience of 
approximately 100 listeners, as three 
of the speakers covered various as 
pects of the subject P. G. Shewmon 
discussed the variation of the self 
diffusion coefficient with orientation 
in magesium single crystals. R. A 
Swalin showed that the diffusion 
coefficients of solutes in dilute nickel 
base ubstitutional solid solutions 
were not much greater than the self 
diffusion coefficient of unalloyed 
nickel. This interesting result was 
somewhat unexpected. C. E. Birch 
enall demonstrated the marked in- 
rease in the self-diffusion coefficient 
resulting from 


on bast 


occu- 


of iron in austenite 
carbon enrichment 

The next part of the meeting was 
enlivened by a stimulating critique 
by A. S. Nowick, of the application 
of internal friction techniques to de- 
termine the nature of grain bound 
aries in metals. Dr. Nowick reviewed 
the recent results on grain boundary 
viscosity obtained by authors S 
Pearson and L. Rotherham of the 
UK Atomic Energy Authority, who 
were unable to attend in person 
E. E. Stansbury contributed addi- 
tional information obtained from in- 
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ternal friction studies on silver and 
silver-base solutions 

The meeting concluded with a 
presentation by M. Herman of the 
effects of the order-disorder trans- 
formation on creep in the beta-brass 
system.—Louis S. Castleman 
Nuclear Metallurgy—The second of 
a series of symposia arranged by the 
IMD nuclear metallurgy committee 
was held on Monday afternoon, 
February 20, under the chairmanship 
of B. Lustman, Westinghouse Elec- 
tric Corp. and H. A. Saller, Battelle 
Memorial Institute. Of chief concern 
were problems encountered in the 
application of more common struc- 
tural materials in the various reactor 
environments which have been in- 
vestigated. The interest of AIME 
membership was evidenced by the 
peak attendance of 250 

The introductory speaker, R. C 
Dalzell, acting head of the AEC, En- 
gineering Div., discussed the types 
of problems common to the applica- 
tion of materials in reactor environ- 
ments. D. H. Gurinsky, Brookhaven 
National Laboratory, then analyzed 
the behavior of materials in molten 
aggressive metal environments espe- 
cially molten lead and bismuth. E. G 
Brush, General Electric Co., detailed 
the equally interesting and severe 
problems raised by the use of less 
aggressive liquid metal coolants 
such as sodium and sodium-potassium 
alloys which are employed in the 
reactor built to propel the submarine 
Sea Wolf. S. Greenberg, Argonne 
National Laboratory, discussed the 
different classes of phenomena which 
occur when the structural materials 
of reactors are exposed to low tem- 
perature water or to organi liquids 

Again, as pointed out by D. M 
Wroughton, Westinghouse Electric 
Corp., an entirely new set of pa- 
rameters and conditions are imposed 
by the use of high temperature 
pressurized water as a coolant Much 
of the experience on material be 
havior gathered in the course of de- 
velopment and operation of the sub- 
marine, Nautilus, and its prototype at 
Arco, Idaho, was described. The final 
paper, by G. P. Smith of Oak Ridge 
National Laboratory, dealt with cor- 
rosion of materials in fused hydrox 
ide environments. Those problems 
common to all reactor environments, 
as well as those unique to this par- 
ticular coolant, were emphasized 

All six of these articles were avail- 
able, prior to presentation at the 
meeting, in the second volume of 
the IMD Special Report Series de- 
voted to nuclear metallurgy. Copies 
of this volume are still ‘available 
from the AIME.—B. Lustman 
Deformation and Recrystallization 
This lively and_crowded session was 
concerned with the development of 
textures and deformation behavior 
N. Ujiiye and R. Maddin discussed 
the textures produced by cold roll- 
ing molybdenum single crystals 
G. W. Wiener and Robert Corcoran 
reported on deformation and recrys- 
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tallization textures in polycrystalline 
silicon iron, which included as a var! 
able, the influence of sulfide particle 
P. A. Beck presented a paper by 
Alfonso Merlini of France, concern 
ing the annealing textures in cold 
rolled copper sheet. Here again, re 
tention of deformation texture com 
ponents was observed on annealing 
at low temperature 

W. R. Hibbard, Jr. reported studi 
of preferred orientations and mag 
netic properties of the permanent 
magnet alloys cunife, cunico, silma 
nal and vicalloy Attempt vere 
made to correlate the textures and 
magnetic properties on the basis of 
magnetic and crystallographic phe 
nomena 

F. L. Vogel, Jr. discussed etch pit 
revealing dislocations in plastically 
bent germanium crystals before and 
after annealing. On annealing, the 
number of dislocatior was reduced 
to the minimum number required by 
the crystal curvature, the density 
became more uniform from surface 
to neutral axis, and the dislocation 
were rearranged into low angle 
boundarie C. E. Sin and R. I 
Jaffee reported measurements of the 
elastic modulus of rhenium as a 
function of temperature it tre 
rupture behavior, its tensile strength 
and elongation as rolled and as an 
nealed, its thermoelectric properti 
and it resistance to attack by 
molten metal J. H. Keeler found a 
linear relationship between flow 
tress of zirconium iron alloys and 
volume fraction of particles, despite 
a considerable variation in particle 
ize and shape. This observatior and 
the temperature dependence of par- 
ticle strengthening were debated in 
relation to current theories H. A 
Lequear and J. D. Lubahn reported 
that a sudden change of stre 
creep test of an aluminum alloy 
not produce the unusual transi 
that was observed when the train 
rate was rapidly altered in a ten ile 
test. J. R. Low, Jr. reported that 
brittle fracture of a titanium carbide 
inconel cermet could be _ effected 
when the larger carbide particle: 
were cracked first followed by 
cracking of adjacent smaller part 
cles and finally by rupture of the 
inconel matrix.—R. L. Fullman 
Semiconductors. -This second annual 
IMD symposium took place on Feb 
21 under the chairmanship of Bald 
win Sawyer and S. J. Angello. The 
morning session consisted of three 
review papers in the field of semi 
conductors, convering the topk of 
technology, physics, and dislocations 
in semiconductor In the afternoon 
session, the short research paper 
provoked lively discussion 

The next AIME symposium on 
semiconductors | cheduled for the 
February 1957 session to be held in 
New Orlean Those interested in 
participating are urged to communi 
cate with W. G. Pfann, Bell Tele 
phone Laboratories, Murray Hill 
N. J W. G. Pfann 
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Lead, Zinc, and Cadmium 


Extractive Metallurgy 
pened with a paper by R. Bain- 


Physical Chemistry of Roasting 


of this work had been 
published previously, and it wa 


was presented by J 


and molybdenit 
- ol lenite in the natural ga 


were outlined 


Proc Zinc Crus 
trated an alternative approach to the 


Thornhill prey out at low vacuum and low tempera 


roasting of particles 


Early Commercia 
lphate Roast ng 


howed preferential oxi 
Smelting—Five 


Sinter ng Plant 
ed by J. W. Sherman who em 


ADDISON-WESLEY METALLURGY SERIES 


1 held on Monday 


R. R. McNaughton, Associate Chair- 
man of the ession, read the paper 
by H. E. Lee and D. Ingvoldstad on 


the Modernization of Bunker Hill 
Pre-Sintering Plant. After two 
operation, this plant has demon- 
trated a marked increase in blast 
furnace melting rate due to theu 
unique approach and improvement 


in intering 

The Sinter Roasting of Lead-Rich 
Galena Concentrate at the Electro 
thermic Lead Plant of the Ronnskar 
Worl Swede was described by I 
M Svmond The papel prepared by 
S. J. Wallden, N. B. Lindvall and K 
G. Gorling, explains the Boliden 
method for electrothermic-roast-re 
action-smelting 

T. D. Jones presented a paper on 
Debismutl g Lead with Magnesi 
um and Potassium at Noyelle 
Godault written by J. Iche. Empha 
ized are the importance of pre-refin 
ing of lead to free it of antimony and 
arseni ince these elements form 
compounds with magnesium and po 
tassium before bismuth doe 

Debismuthizing of Lead by T. R 


A. Dave was read to the group by 
A. W. Schlecten. The describe 
how chemical lead (. 0.005 pet Bi) 
may be produced by the Jollivet o1 
Dittmer processe Also discussed are 
the principles by which bismuth may 
be removed by the presentation of 
quantitative diagran vith brief 


mention of practical aspect HLL 
Johnson 


Mornnus Conen, Consulting Editor 


X-RAY DIFFRACTION FOR METALLURGISTS 


University of Notre Dame 


A. E. Fitzgerald by BOD. Covurry 


in introduction to the theory of x-ray dif 


fraction, the experine ntal methods involved, and the main ipplic ations to 
No pr vious know ledye of the subject is issumed 
intended principally as a text for students of metallurgy, the 


metallurgical proble m 


emphasis is on x-ray diffraction rather than on metallurgy. ¢ onsequently the 
book should also be of keen interest to workers in other fields, such as chem 


yhysic Ss, CeTamics, ology 
I 


mineralogy etc., who use x ray diffraction 


Chapters on chemical analysis by diffraction and fluorescence have 
been included because of the present industrial importance of these ana 
The diffractometer is described in some detail, The material 
and their associated circuits should be useful 


on the various kinds of counter 


not only to those engaged in diffraction work, but also to those working with 
radioactive tracers or similar substances who wish to know how their measur 


ing instruments operat 


299 illus., May 1956 price to be announced 


Also in the A-W Metallurgy Series 


METALLURGY 
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ELEMENTS Of 
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Massachusetts Institute of Technology $4.50 
METALLURGICAL ENGINEERING Vow. Engineering Principles 


by SCHUHMMANN 


Purdue University $4.50 


ALLOYS 
by Cant. Wacnen, Massachusetts Institute of Technology $4.50 


THERMODYNAMICS OF 


of time curtailed what prom 
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bridge entitled g and Condi- 
the introductory paper, H. H. Kel- tionina Fume Laden Gase Com. 
logg discussed the various reactions 
i th intere tO iearn the further 
) nometri and modaynami 
el damental investigations on this sub ee 
the application of kinetic measure- Bur- 
rY to tl ri atio as 4 
ment o the jeterminat of roast gess. De lent the variou 
ne liu in some detail 
rate law may encounte d and T. D. Jones gave V. F. Leferrer’s 
now tn ‘ may in pre ted p or De rincing of 
meation indi 
elucidation of roasting mechanisn ae 
cated his familiarity with the sub 
On Pp ical examination of the ject. Of particular interest the 
product Using micrographic and fart that 0 distillation is carried ae ae 
| 
that during the is The clo nas by R. E. Lund 3 
of phale rite and pyrite no change wi An } Applica a aes 
occurred in the sulfide kernels. With 
othe ul fide the metal or ilfur ide over the 
component reatment pros 
dation. C. I e collected in aE: 
described re itor at the 
the nature J Mari 
formed on 1 pape! were 3 
and _ perme ' presented to the 68 members attend 
Gised layers, were determined ing on Tuesday afternoon. The St 
In the final paper, R. B. Thomp Joe Ne ee 
on and B. H. McLeod discussed 
various aspects of the fluidized roast phasized their present 100,000 ton 7 
ing Of pyrite, ranging from the op- 
capacity 
erating principles and description of 
FluoSolid reactor to the results of ay 4 
a detailed microscopic examination 
of the calcines produced in such sy Book in the 
ing attested to the importance of 
this aspect of extractive metallurgy A 
One hundred and fifty member 
heard the papers by 
ind Guy Bridgstock 
creased service life and lower oper tothoo ola; 
ating costs, through use of suspended ; 
basic refractorie n copper anode 
furnace vere indicated 
Peterson, based on the primary alu- : 
minum industry, showed the diver sty, 
gence of the problems in aluminum as a tor Fe ha 
melting from those usual in higher e 
temperature refractory field Of a: 
pa! imount in portance the control 
of metal penetration ecured by a 
ina-silica refractories, or by firing of Sapa 
plastic fire-clay compositions below 
the transformation temperature of py, 
meta-kaolin. However, the low fred _ 
plastic compositions had insufficient | 
abrasion resistance. In contrast, W by A. G. Guy pe pie 
H. Stewart's paper showed good 
abrasion resistance for low moisture ae 
constructior Pag 
ised to be a lively discussion of the eee 
above two paper ind of the Survey =. 
by A. Paul Thompson J. C. Hicks ae 


Physical Chemistry About 60 mem 


rated lron and Slag nal paper on new 


who prepared it in 


in Copper 


ubject to those 


F. M. Stephen 


pane member 


New Methods in Hydrometallurgy 


Superior 
BLAST FURNACE 
Copper CASTINGS 


SMEETH-HARWOOD COMPANY 


6524 Vincennes Ave., Chicago 20, Ill. 
in Conada—The William Kennedy & Sons, itd., Owen Sound, Poet ie 


last Furnace Copper Castings—alse Brass and Bronze Mill Castin 
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moved and the bed depth lowered 
from 6 ft down to 3 ft in order to cut 
exce retention time which had 
caused densification. With the modi 
fied unit, 200 tons of zine concen 
trates can be treated daily 

B. F. Buff outlined the operation 
of the two 18 ft diam reactors at the 
National Zinc Co. plant in Bartle 
ville, Okla. He pointed out that the 
units operate with a 20 to 30 pct ex 
ct upply of air. Eight water pray 
units mounted in a circular pattern 
in the roof maintain temperature 
control 

The New Jersey Zinc Co., N. Y 
formerly used flash roasting to treat 
their zinc concentrates, W. M. Pierce 
revealed. However, after tudving 
alternate methods of roasting they 
now use a three-stage roasting proc- 
‘ in the single reactor without 
separation plate merely by adding 
the air in increments up the side of 
the reactor. The reactor is 2 ft by 
10 ft with a flared top to lower the 
final space velocity. With this unit 
zine concentrates can be roasted at 
rates of 2.4 to 3.5 tons per sq ft of 
furnace area per day Mr. Pieres 
noted that the cost of operating thi 
system is on a par with that of flash 
roasting 

Robert Redlefs traced the opera 
tions at St. Joseph Lead Co., Joseph 
town, Pa., back to 1948 when they 
began studying fluid-bed reactor 
with a one-inch plexiglas model 
operated cold. By 1953 a 15 ft reactor 
was being used and in 1955, the first 
22 ft commercial unit was placed in 
operation, the novel feature being a 


hot cyclone system. The cooling 
agent used is exce ulfate liquor, 
33 gal per ton of partially deleaded 
concentrates.—F. M. Stephens, Jr 


Extractive Metallurgy of Uranium 
The first paper presented at this 
ession was a summary by W. L 
Lennemann of the proce ‘ used in 
various uranium mills on the Colo 
rado Plateau 

R. L. Philippone described the 
conversion of a uranium mill at 
Monticello, Utah from a salt roast 
carbonate leach circuit in which 
both the uranium and vanadium 
were solubilized and subsequently 
recovered, to a circuit in which the 
alt roast step was omitted and only 
the uranium was recovered 

The extensive pilot plant testing 
of a recent development in the field 


of uranium metallurgy wa de 
cribed by C. K. MeArthur The 
development of thi proce ha 
made it possible to recover uranium 
directly from desanded pulps by 
contacting the lime with an ton 
exchange resin eliminating the 


need for filtration of the pulp 

A. M. Gaudin described the his 
tory of the development of the acid 
leaching-ion exchange proce used 
in the South African plants for the 
recovery of uranium from the ore 
and tailings from gold mining opera 


tions J. S. Breitenstein 


Net 
ee Considerable interest was evidenced 
bers and non-members attended this by the good attendance. The opening 
‘ on on Thursday afternoon topic was manganese recovery fron 
In the opening paper presented by domestic ores, and a brief discussion 
H. L. Bishop on Slag-Metal Equilib- followed the papers by E. S. Nossen 
rium Under Lime-Silica-lron Oxide and Charlee Prasky 
Slags, Mr. Bishop, co-authors N. J As the meeting progressed, the 
Grant and J. Chipman, showed good amount of discussion increased. The 
agreement between predicted equi next two papers dealt with ion ex 
librium constants and those mea change, the first by R. S. Long and 
ired with the isual assumption R. S. Olson was concerned with de 
ibout species and some unknown ac ign consideration John Dasher 
tivity coefficient The econd paper A. M. Gaudin and R. D. Macdonald 
; m the Rate and Mechanism of Sul explored the use of ion exchange in 
fur Tra fer between Carbon-Satu extractive metallurgy 
S. Ramachandran QE by Mr. Olson, provoked animated 
collaboration with T. B. King and discussion from the audience Of 
N. J. Grant. This very interesting particular interest also were Prof 
; work was done in order to show that Gaudin comments concerning hi 
toichiometric equivalents Fe, Si, S current studi These show that the 
ind CO were interrelated in the sul ize and hape of container! in 
fur transfer experiments performed which settling tests of slurric are 
The third paper by J. P. Morri made, have a great influence on the 
ind G. R. Zellar was entitled the estimated size of thickeners required 
Vapor Pressure of Liquid Copper The implication | that settling test 
and Activities made in the conventional manner 
Morri howed that the carrier ga may give misleading result Prof 
method, in which the gas was in in Gaudin offered to send information 
timate contact with the liquid metal on this SH requesting it 
or allo was an extremely useful from him at the Massachusetts Insti 
method for determining activiti tute of Technology E. B. Mancke 
The last paper by J W Bur Zine Smelting Thi ymposium on 
lingame and N. A. Gokcen was on fluid-bed roasting of zinc concen 
the MnO-SiO., System. The author trate was led by J. G. Wehn and 
redetermined portions of the phase Hens, Associate Chairmen 
diagram. Several attending thought No formal paper were presented 
that the manganous-manganic ratio but a brief history of four com 
needed to be determined, while panies’ operations was given by the 
others thought that a congruently Mens representing then 
melting compound might exist Mr. Brubaker, Aluminum Co. of 
Richard E. Grace Canada, described the fluid bed op 
eration at Arvida, Quebec which 
ee consist of a 22 ft diam reactor At 
The session was held a cheduled first the unit encountered trouble 
on Feb. 23, FE. B. Mancke, chairman with sealing, densification and with 
ind H. G. Poole, recorder, changing the ball-check valve in the orifice 
‘ roles for the last half of the session plate These valve were then re 
Mot Biot Valves 
4 and Valve Seats 
Manulocturers 
of at Leading Demgns 
Meavy Move 
— 


Neil O. Johnson wil! be in charge of 
Foote Mineral Company podu- 
mene mine and ore processing plant 
at King Mountain, N. C. The new 
plant manager leaves the dept. of 
explosives at E. lL. du Pont de Ne 
of Wilmington, Del. where he 
ha erved since 1939 as technical 
representative Johnson has had ex 
tensive mining experience; he was 
associated with the Hog Mountain 
Gold Mining & Milling Co. of Bir 
mingham. He also served as engineer 
with The Dorr Co., N. Y. A World 
War II Engineer Corps Major, M: 
Johnson Alaska on the 
famous highway project 
Later he became project officer, 
Army-Navy Board, as consultant on 
design equipment. He is a graduate 
of the Colorado School of Mines and 
a member of Tau Beta Pi, honorary 
cholastic fraternity 


mou! 


erved in 


Alcan 


FRED W. DEMONEY 


Fred W. DeMoney hia 
pointed head of the mechanical met 
tallurgy and evaluation section of 
Kaiser Aluminum & Chemical Corp 
metallurgical research dept. at Spo 
kane. Roger Olleman wa 
assistant section head. Prior to join 
ing Kaiser Aluminum, Dr. De Money 
erved as researcn etallurgist with 
Dow Chemical Co. and staff engineer 
with Kimberly Clark Corp. He grad 
uated from Illinois Institute of Tech 
and received his Ph.D. degree 
from the University of Minnesota 
where he also served as a research 
fellow and instructor. Dr. DeMoney 
is a member of ASM and AIME. D 


ociated 


been ap 


chosen a 


nology 


Ollemar Ni ormerly a 
with West ouse Electric Corp. He 
tudied ; Jrniv ity of Wash 
ington ane ‘arnes Institute of 
Technology iving his Ph.D. from 
he Universi Pittsburgh. ASTM 
ir Ten plin prize for 


connection with metal 


awarded hin 
ni vorkK if 
testing techniques at low tempera 
ture He is a member of ASM 
AIME and ASME 


Max Huber has resigned from hi 
post with Battelle Memorial Insti 


E G HOLMBERG 


tute to join the taff of Union Car 
bide Europe in Geneva, Switzerland 
as metallurgical engineer in thet 
pecial steel division 


R. B. Fuller, International! Mineral 
& Chemical Corp., was named 

cial consultant to the pho phate 

erals div vhere he has been a 

ant to the vice president since 1953 
Previously, Mr. Fuller was manager 
of the company Florida pho phate 
dept. In 1951 he received an honor 
ary Doctor of Law degree from 
Florida Southern College He will 
continue to reside in Mulberry, Fla 


John Symonds is now engaged in 
research for E. Il. du Pont de Ne 
moul & Co. Mr Symond pre 
viously was associated with the Py 
rites Co. in Wilmington, Delaware 
Francis B. Speaker ha 
pointed consultant on mining mat 
ters in the Office of Minerals Mobi 
lization. Mr. Speaker is an engineet 
at Hewitt-Robin Inc Stamford 
Conn. He was chief of the nonfer 
rous metals div. of the War Produc 
tion Board and director of the Min 
ing Division of the Defense Material 
Agency during the Korean War 


been up 


Howard E. Stoneback, formerly vice 
president of Central Boiler & Mfg 
Co. is now president and treasurer 
of Fabsteel Sales & Engineering Co 
Detroit 


Ralph L. Hennebach ha 


moted to assistant general manager 


been pro 


western department of the American 
Smelting & Refining Co. with office 
in Salt Lake City 


Charles R. Heath is now associated 
with the Northwestern Metal Co 
located in Lincoln, Neb 


Fabriani professor of 
National School of En 
Rio 


Ferrucio 
metallurgy 
gineering, University of 
de Janeiro 


ersonals 


E. G. Holmberg has joined the corro 
ion engineering section of the In 
ternational Nickel Co.'s development 
and research div., New York. Before 
coming to Inco, he was chief metal 
lurgist, Alloy Steel Products, Linden, 
N. J. Prior to that, Mr. Holmberg 
had served for 11 years as a metal 
lurgist with E. I. du Pont de Ne 
mours & Co. at its Belle Works in 
West Virginia. He also taught engi 
neering at the Newark School of 
Fine Industrial Arts, in New Jersey 
for three yea! A graduate of the 
Colorado School of Mines, Mr. Holm 
berg has written many articles on 
corrosion. He is a member of ASM, 
ASTM, the Electrochemical Society, 
National A 
Engineers and the American Petro 
leum Institute 


Arthur P. Guidi has joined Texas 
Foundri Inc. in Lufkin, Texas, as 
assistant to the plant manager He 
was formerly with the Texas Electri 
Steel Casting Co. in Houston 


T. V. Philip has joined the dept. of 
mining and metallurgy of the Uni 


ociation of Corrosion 


versity of Illinois as a research a 

ociate. He recently completed hi 
doctorate in metallurgical engineer 
ing at the University of Wisconsin, 
Madi on, Wi 


Martin J. Hughes, former superin 
tendent of ore mines for the Lone 
Star Steel Co., Tex: is now mining 
enginee! at Kaiser Steel Corp 
Eagle Mountain, Calif 


WILLIAM TOEPLITZ 


William R. Toeplitz is the new presi 
dent of Bound Brook Oil-La 
ing Co., N. J., filling the vacancy left 
by the death of William Fisher Jen 
nings who passed awa last 
ber. Mr. Toeplitz who joined the 


compan in 1935 as a metallurgical 


septem 


been vice president in 
ince 1944 


Considered one of the country fore 


engineer, ha 
charge of engineering 
authorities on powder metal 
i graduate of Lehigh 
AIME 


and a member of 
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FRANK E. GARRATT 


GILBERT SOLER 


Frank FE. Garratt, formerly general 
uperintendent of Universal-Cyclops 
Steel appointed 
works manager at the Bridgeville, 
Pa. plant, and Gilbert Soler pro 
moted to technical director. Mr. Gar 
ratt, who has been associated with 


Corp ha been 


the company for 21 year is a grad 
uate of the Institute of 
Technology pecialized in 
management engineering Gilbert 
Soler joined Universal Cyclops in 
1953 as assistant technical director 
He has been an AIME director and a 
member of the Electric Furnace and 
Open Hearth executive committees 


Carnegit 
vhere he 


John M. Schreiner has been named 
division manager of the National 
Carbon Co., Union Carbide & Car- 
bon Co. in Ne “ York 


Michael V. Nevitt, formerly associ 
ate professor at Virginia Polytechnic 
Institute Blacksburg, Va ha ac- 
cepted a post as associate physical 
metallurgist with the AEC Argonne 
National Laboratory in Lemont, Il 


Gunther Mohling has been named 
chief metallurgist, Allegheny Lud- 
lum Steel Corp. He replaces Rush 
Lincoln who has been promoted to 
technical director of the organiza- 
tion. Other changes announced are 
W. W. Drykacz, new manager of 
quality control, Watervliet Plant, to 
replace Dr. Mohling; E. E. Reynolds 
will be the new associate director of 
research to fill the vacancy left by 
Mr. Drykacz 

Born in Westphalia, Germany, D1 
Mohling attended schools there and 
in 1927 received his Ph.D. from the 
University of Munich. He worked in 
the German steel industry, later as 
a geologist in Mexico. In 1930, he 
joined the International Nickel Co 
in New Jersey. Dr. Mohling has 
erved for six years on the High 
Temperature Metals Committee of 
the National Advisory Committee 
for Aeronautics and received the 
President's medal for his work on 
high temperature alloys used in jet 
aircraft 

Mr. Dyrkacz is a native of Arnold, 
Pa. In 1942 he received his degree 
from Carnegie Institute of Technol 
ogy and did graduate work at Rens- 
elaer Polytechnic Institute. He has 
been associated with General Elec 
tric Corp., Cameron Manufacturing 
Co., Emporium, Pa., and joined Al 
legheny Ludlum in i949. He is on 
everal panels of the materials ad 
visory board of the National Acad 
emy of Science. Dr. Reynolds was 
born in Utica, Ohio and received his 
Ph.D. from the University of Michi- 
gan in 1950. He was a laboratory as- 
istant at the Spicer Manufacturing 
Co. and joined the Watervliet plant 
in 1950 as supervisor of valve steel 
research. In 1952 he was chosen to 
head the high temperature alloy 
section 


James K. Stanley wil! supervise the 
ilicon steels and magnetic materials 
research section of Crucible Steel 
Co. of America with offices in Pitts 
burgh. Prior to his appointment with 
Crucible, Dr. Stanley was super- 
visor of metallurgy in the materials 
div. of Standard Oil Co. His wide ex 
perience includes research for Na 
tional Smelting Co. and Westing 
house Electric Corp. The author of a 
book, Metallurgy and Magnetism, Dr. 
Stanley is a member of AIME and 
ASM. He was born in Cleveland, 
studied at Western Reserve Univer 
sity and Carnegie Institute of Tech- 
nology. He received his Doctorate 
from the University of Pittsburgh 


Norman Hackerman, chemistry pro- 
fessor, University of Texas, and Mars 


10, 1956 Paper 


Apr. 15, 1956, is the deadline for papers that are to be presented 
at the Institute of Metals Div. Fall Meeting in Cleveland, Oct. 8 to 
received by this deadline but requiring revision 


may not be processed in time to permit scheduling for this meeting 
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G. Fontana, prof. of metallurgical 
engineering at Ohio State University 
received the 1956 awards of the Na 
tional Assn. of Corrosion Engineers 
at the NACE Twelfth Annual Con 
ference banquet on March 14 in the 
Hotel Statler, New York. NACE 
elected the following office for 
1956-57 pre ident W. F. Fair, tar 
products div., Koppers Co. Inc., Pitts 
burgh; vice president—W. H. Stew- 
art, Sun Pipe Line Co., Beaumont, 
Tex. Re-elected as treasurer was R. 
A. Brannon, Humble Pipe Line Co 
Also elected were three director 

H. L. Bilhartz, Production Profits 
Inc, Dallas; Hugh L. Hamilton of 
A. V. Smith Engineering Co., Nar 
berth, Pa.; A. L. Stegner, Tennessee 
Gas Transmission Co., Houston 


Obnusios —— 


Charles W. Merrill 
An Appreciation by 
Herbert S. Shuey 


Charles W. Merrill (Legion of 
Honor Member 1892), internationally 
known San Francisco metallurgical 
engineer, died Feb. 6, in Honolulu 

Mr. Merrill, holder of the Jame 
Douglas Medal of the AIME and a 
former regent of the University of 
California, his alma mater, was in 
the midst of one of his frequent 
visits to Hawaii, and had been ill 
only three day He was 86 

torn in Concord, New Hampshire, 
Dec 21, 1869, Mr Merrill wa 
brought to San Francisco as an in 
fant by his parents; and, although 
his work in the metallurgical field 
took him over the globe, he had 
maintained residence in the San 
Francisco Bay area all his life 

Receiving his elementary 
tion in the publi chools of San 
Francisco and Alameda, Mr. Merrill 
graduated from the University of 
California with the class of 1891, and 
immediately entered upon the career 
which was to bring him international 
fame for his development, design, in- 
tallation, and operation of numerous 
gold extraction plants in the U. S., 
Canada, and Mexico. These plant 
were based on his own patents in 
proce ‘ for the re 


educa 


volving variou 
covery of gold from complex ores 
At various times Mr. Merrill held 
more than 25 patents on metallurgi 
cal processes and their application, 
many of which proved so successful 
as to be ultimately adopted by most 
of the large gold and silver mines 
throughout the world 

Upon graduation from college, M1 
Merrill spent a short time as assist 
ant to Dr. George B. Becker, Chief of 
the U. S. Geological Survey. Later 
that year (1891) he met and went to 
work for the eminent metallurgist 
Alexis Janin, whose brother—the 
mining engineer Louis Janin—intro 
duced him to another mining engi- 
neer—Herbert Hoover. Mr. Merrill 


spent three years with Alexis Janin 


in 
orat 
Hi 


the 


in Franci 


ryonnr 


iving prepared 
l on the cyanide 
ring gold from it 
Va anxiou to 
comi ercial 


h 


in the lab 
cal problem 


graduation 


proce 
ore 


tall a 


in 


for 


Mr 


application; 


re 
Mer- 
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the Alexis 

truck out 
Bodie, 

tailing 


Mine 


employ of 

for himself. He 
Calif., and, after 
of the Standard 
there, proposed 


after Il aving 
Jamin, 

went to 
study 
Consolidated 


ing the 


to its superintendent, Mr. Thomas H 
Leggett, the erection of an exper! 
mental plant Mr Leggett agreed 
the plant was built and proved con 
pletely successful 

After his work at Bodie, Calif 
Mr. Merrill then spent about two 
years at the rich Harqua Hala Mine 
in Arizona. There he pe! uaded it 


superintendent, Robert M. Raymond, 


to let him install a cyanide plant 
which likewise proved successful 
Shortly after completing this pro) 
ect, Mr. Merrill met two mining 
engineer friend Warten 
weiler and Bratnober—who told him 
of the operation of the Montana 
Mining Co. at Marysville, Mont. Mr 
Merrill went there and induced it 
manager, A. T. Bayli to install an 
experimental plant. When this plant 
had demonstrated that the mine 
tailing could be profitably re 


worked, a large operating plant wa 
installed, of which Mr. Merrill had 
charge as resident engineer, continu 
ing in the capacity ultant for 
several yeal 


In 1898 Mr 


of con 


Merrill, after extended 


tudy of the operations of the famed 
Homestake Mine at Lead, S. D., en 
tered into a contract with Homestake 
Mining Co. to install a cyanide plant 
for recovery of gold from tailing 

and spent ten years in directing thi 
highly successfu! operation—an op 


eration which resulted in recovering 


$2000 worth of gold per day which 
previously had been going to waste 
in the slime It was the succes of 
thi large operation which first 
brought Mr. Merrill worldwide rec 
ognition and acclaim 

After his ten years at Homestake, 
Mr. Merrill returned to San Fran 
cisco and established his office there 
This was in 1908. Two year later, he 
organized The Merrill Co., to make 
his processe¢ methods, and equip 
ment available on a world basi 
Later, he organized a number of 
ubsidiary companies to handle the 
manufacture and distribution of 
variou technical equipment and 


products developed by himself or hi 


associate He was active in these 
companie for many years, and wa 
board chairman of The Merrill Co 
at the time of his death 

In the field of public service M1: 
Merrill wa active nationally and 
locally. During World War I, at the 


request of his lifetong friend Herbert 
Hoover, Sr., he accepted assignment 
in Washington as Chief of the Div 
of Collateral Commoditis in the 
Food Administration, serving in that 
capacit until the end of the war 
During World War II his various en 
terprise vere called upon by the 
Armed Services to extend and var 

their endeavor and processe a 
their part in aiding the war effort 


Mr. Merrill was a vice president of 


that 


the AIME in 1924, and in year 
was awarded the Institute’s Jame: 
Douglas Medal for “distinguished in 
ternational metallurgical achieve 
nent In 1924 and 1925 he was a 
member of the Board of Regents of 
the University of California, serving 
also as president of the Alumni Assn 
In the city of San Francisco he 
erved as chairman of the Commu 
nity Chest from 1925 to 1927, and 
later was chairman of the California 
State Mining Board and the Mineral 
Committee of the State Chamber of 
Commerce 

In 1940 Mr. Merrill won an award 
from the NAM for distinguished 
achievement in the field of science 
and invention, which has advanced 
the American standard of living.” In 
recent yea! he held various post 
vith the U.S. Bureau of Mine 

Mi: Merrill Vil a member of the 
University, Engineer Pacific Union 
and Commonwealtl Club of San 
Francisco; the Mining and Metallur 
gical Society of London; the Au 
tralian Institute of Mining Engi 
neers; and the Chemical Metallurgi 
cal, and Mining Society of South 
Africa 

Necrology 

Date late of 
Flected Name Death 
930 George H Anice ' Feb 16, 1956 
1904 Ge ze W t Lex >, 1955 
w WwW. J. Felt Feb 10, 1056 
1. E. Feb 4, 1056 
A ‘ Pet 25, 1956 
954 W Ho Jot Feb. 19, 105¢ 
iA. K Feb. 16, 1056 
J 1 ‘ Feb 1 lus 
92 ©} | Feb 7, 1056 
A\uguat 105 
iv Voue Feb. 22, 1956 


PROFESSIONAL SERVICES 
Limited to AIME members, or to com 
panies that have at least one AIME 
member on their staffs. Rates $40 per 

year per inch 


LEDOUX & COMPANY 
Cinvemists Assayers Spectroscopists 
SHIPPERS REPRESENTATIVES 
ine Examination Analyses 


M 
359 Alfred Ave. Teoneck, New Jersey 


MAX STERN 
Consulting Engineer 
Expert for Scrap Recovery and Ship 
wrer king Modernization of Plants 
and Yards tor Ferrous and Nonferrous 
Metal Scrap 
149 Broadway New York 6, N. Y. 


H. L. TALBOT 


Consulting Metallurgical Engineer 


nd Refining of Base Metals 
Cobalt and Copper 


Extract 


er rir 


Room 330, 


4 


84 State St., Boston 9, Moss 


DR. E. TSUTSUMI 


Registered Japanese Patent Attorney & 
Metallurgical Consulting Engineer 


Patent Matte Re technical 
text tror ited from Japanese into Eng 
r f ce vers 2¢ per English word 


C. P.O. Box 1545 Tokyo, Japen 


APRIL 1956, JOURNAL OF METALS—475 


= 
cov | | 
rill 
for 
Ve. 
* 
- : 


Coming Events — 


Apr. 2-7, International Union of Crystallogra- 
phy, Madrid, 
Apr 6-7 AIMP. ttah traniam Sebsection 
j ‘ b. Utal Heserva 
' hould he de with AIME mpo 
tlee KBox 877, Moab, Utah 
Apr AIMEE, Furnace, Coke Oven 
md Kew Materials and National Oper 
Hearth Steel Conferences, Netherland-Plaza 
Hote Cincinnati 
Apr &- SAP at meeting, produc 
t foru md aircraft engineering dis 
i Hote Statier New York 
Apr 10-51%, Metal Pewder Association, annual 
eeting md Meta Powder Show Hotel 
Cleve i, Cleveland 
Apr 14-20 National Industrial Research 
Conference, Armour Foundation 
Inatitute Te Chicago 


iv Aime Cleveland Sectior dinner 
eeting, Hotel Manger, Cleveland 
Apr New England Hegional 
Conference, Waver! Inn, Cheshire, Conn 
Apr. 77-16, American Ceramic Sectety, Stat 
er Hotel, New York 


Apr. 26-27, American Insitete of Electrical 
Engineers, national meeting, Bradford Hotel 
Hostor 


Apr %0-May 4, Electrochemical Seciety, 
Mark-Hopkins Hotel, San Francisco 

May Assectation des Ingénieurs Seortia de 
de Liege conference on electron 

of Liege Belgiun 

May 4-5, AIME, Pacific Northwest Regional 
Meta md Mineral Conference Olympt« 
Hotel atthe 

May 14. American Asseoctation of Spretre 
araphers, annual conference, Chicago 


May 6-0, AICHE, HRoosevelt Hotel, New Or 


ea 


May 7-01 American Welding Sectety na 
thew pring meeting, Hotel Statler Hut 

May (4-13, Design Engineering Shew, Con 
ention Hall, Philadelphia 

May 16 AIME Western Section NOHC 
Hodger Young Auditorium, Los Angeles 

May Beelété de Chimie Physique, an 
nual reunion, Par France 

June 4-8, SAP ummer meeting, Hotel Chal 
fonte- Haddon Hall, Atlantic City, J 

June 4-7, Material Handling Institute, show 
Public Auditorium, Cleveland 

June 5, AIME, NONE Buffalo Section, golf 
party 

June 1%, AIMEE, Pittsburgh Section, 
golf party, Pitteburgh Field Club 

June 16-05, Pitth Werld Power Conference, 
Vienna, Austria 

June mnual meeting, Hotel 
Chalfonte-Haddon Hall, Atlantic City 

June @2-July 6, International Machine Tool 


Exhibition, Olympia, London, England 


15-75, National Council of State Boards 
of ring Examiners, Hotel Statler 
Los Angeles 

Sept. AICHE, William I Hotel, Pitt 
burgh 


idee ASTM, Pacith 
Hotel, Los Angeles 


sept 
Statler 


Mountain Minerals 


Sept. 16-28, AIME, Rocky 


Conference, Salt Lake City 

Oct. 8-10, AIMEE, IMD fall meeting, Hotel 
Carter, Cleveland 

Dee Alc he mnual meeting, Statler 
Hotel, Boston 
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Catelog No. 105 describes furnaces for 
Smelting and Refining. For o copy, 
write Pittsburgh Lectromelt Furnace 
Corporetion, 326 32nd Street, 
Pittsburgh 30, Pennsylvania. 


» 


ix-in-line Smelter 


MOORE RAPID 
WHEN YOU MELT... 


Matte and Spe « Se Copper Melting On Low arbon lerro Alloys 
Pilot Plant Resqarch berro-Alloy Sngelung 
» if ‘ce pas 
50 KYA 
50,000 A 


a memo to Melters, Open 
Hearth Superintendents, 
Metallurgists and 
others concerned 

with quality steel 
making .. . If 

you haven't 

tried RECARB-X 

and want the 

full facts on the best 
recarburizer for steel 
making, write for 

the new Engineering 


Bulletin No. 1l, use the 


/ 


convenient coupon below. / 


TITLE 
FIRM 


ADDRESS 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION * SAGINAW, MICHIGAN 


it 
/ 
/ 
/ 
\ 
/ 
/ 
/ 
| 
SEND ME ENGINEERING BULLETIN NO. 77 | 
% / | 
city STATE | 
210 
2 
| 


